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A THEME FOR A RADIATION THERAPY CENTER* 
THE PRESIDENT'S ADDRESS 
By JESSHILL LOVE, M.D. 


SANTA BARBARA, CALIFORNIA 


CCASIONALLY, during your office 
routine, you may have encountered a 
small experience that for some reason has 
haunted vour memory, and may even in 
time have come to inspire long and search- 
ing thought. This happened to me a few 
weeks ago, when I was perusing an editor's 
copy of the 1961 Preliminary Program of 
the American Radium Society. Drs. Leu- 
cutia and Krabbenhoft had written at the 
top of each page of the Program the word 
ONIF ARD. As I turned the pages, I 
noticed the word again and again. It had 
a disturbing effect on me. Days later I 
found myself recalling the word, particu- 
larly when I was putting the Program into 
final form. In the end, it prompted me to 
take a long and thoughtful look at the 
progress of radiotherapy, our gain, our 
specialty, and our future. 
| will not pretend that my cogitations 
resulted in a solution to our problems in 
radiation therapy and in cancer therapy; 
but I did, at any rate, decide, at that time, 
that I would tell you a little about how ove 
community solved, for itself, the problem 
of acquiring adequate facilities and a full 
time radiotherapist for its center. And it 
occurred to me that the story of that com- 
munity's achievement might prove instruc- 


tive and encouraging to other communities, 
similarly circumstanced. 

At the outset, however, let me say that 
І advocate no divergence from our present 
concept of nonregimented medical practice. 
Such divergence would, in my view, invite 
loss of individuality within the profession. 
It could mean in time the elimination of 
great leadership within the specialties: I 
think of such names as Charles Martin, 
William Harris, Janeway, Failla, Quimby 
and others, under whom the profession 
thrived and developed in the face of vigor- 
ous competition. This freedom and right of 
practice ought not to be tranquilized, so to 
speak, by compulsory subsidized govern- 
mental programs. 

But the presence of our honored guests 
from England and Scandinavia is my cue 
to speak briefly on centralized. radiation 
therapy as it might exist in this country. 
Up to now, development of radiotherapy 
in the United States has, of necessity, 
been slow because it has been incarcerated 
in radiologv. Radiologists, in their turn, 
have found it difficult to amortize their in- 
vestment in radiographic equipment and 
adequate radium and x-ray therapy plants, 
and to divide their time between the two 
pursuits. 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May (0-14, 1901. 
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There is no doubt that cancer is a dis- 
ease of great national importance, requiring 
special treatment and cadres of experi- 
enced physicians, physicists and techni- 
cians who devote all their time to this one 
phase of therapy. It seems obvious that 
radiotherapy should be conceived and 
organized as a special discipline. Men and 
women who devote all their time to one 
discipline soon accumulate a vast store of 
clinical knowledge and reference material; 
and institutions in our cities staffed by 
these full time specialists are certainly able 
to offer effective, comprehensive treatment. 

Perhaps in the future cancer may be con- 
trolled by a chemical, an immunizing agent, 
or a selective virus. But, in the meantime, 
during the research stage, surgical and 
radiation treatment should be improved by 
continuous, repeated analysis of end re- 
sults. The best source of measuring end 
results is the survival time of large series 
treated with the same modalities. A few 
states have hospitals that are dedicated to 
the care of indigent cancer cases. Several 
cities have community-endowed centers for 
private and for part-pay patients; but there 
are not enough of these centers to cover the 
needs of the smaller communities. Here is 
where the Santa Barbara storv, which I 
set out originally to tell vou about, fits in. 

What was accomplished in Santa Bar- 
bara may well be the answer for other 
small communities, with their need for 
specialized radiation therapy and central- 
ization of adequate facilities. The key thing 
in setting up such a center is securing a full- 
time well trained radiotherapist; and after 
that comes modern equipment. In the Santa 
Barbara experiment, these two essentials 
were realized by a radiologist,! who gave 
his last vears of practice to the pioneering 
of the program locally. He foresaw the 
advantages of a supervoltage center that 
would serve the entire community. The 
plan was discussed intermittently for a 
number of vears with several citizens, and 
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in 1949 a Foundation? was formed which 
accepted a gift that made possible the 
purchase of a million-volt generator. He 
suffered a fatal airplane accident and was 
succeeded by another radilogist,* who de- 
devoted his remaining years to the thera- 
peutic problems of the community, and who 
guided the Foundation in its development 
of a program approved by the Medical 
Society. The problem of centralizing radia- 
tion therapy in this moderate-sized city 
seems virtually solved by now. I should 
like to tell you a little about how the 
Foundation is organized. 

It is supported by donations from friends 
and Associate Members. These Associates 
have their own organization that sends out 
information and newsletters of national 
interest to its members, who currently 
number about one thousand. Contribu- 
tions are voluntary and many are continu- 
ing from year to year. A few are marked for 
indigent cases. The contributions of the 
Associates provide for the purchase of new 
equipment and furnishings. The Founda- 
tion’s Board of Trustees, composed of 12 
citizens, including 2 physicians, reviews the 
necessity of any large purchase, manages 
the endowment fund, and endorses new 
policies suggested by the Director. 

There is a special group of 34 citizens, $ 
of whom are physicians, who are Mem- 
bers of the Foundation. It is their function 
to convene an annual meeting for the pur- 
pose of reviewing new additions and the 
progress of the Foundation during the vear. 
This group also functions as liaison between 
the Foundation and the public. Certain of 
the Trustees and several members of the 
Foundation continue to be the major bene- 
factors. 

The Board of Trustees chooses the Direc- 
tor after his approval by representatives of 
the Medical Society. His contract is ap- 
proved by a medical board. It is the func- 
tion of the Director to receive and to treat 


? Memorial Cancer Foundation, 2315 Bath Street, Santa Bar- 
bara, California. 
? James T. Case, M.D. 
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patients and to conduct the business as a 
private practice. He uses the equipment 
and all the facilities located in a separate 
building, which is connected to a hospital 
by a short corridor. He decides and ar- 
ranges all patient management and deter- 
mines all fees without interference. All 
bills are released under his name, and he 
pays the Foundation a percentage of the 
collections for the use of the facilities. The 
Foundation uses the returned percentage 
to pay rent, salaries of the personnel, 
maintenance, office expense and janitorial 
service. Deficits and the purchase of new 
equipment are covered by the endowment 
reserve fund. 

With respect to special equipment, a 
wide range of radiation energy is available 
from 70 kv. to 1,000 kv., cesium 137 and 
cobalt бо. The isotope laboratory 15 
equipped to perform all the useful proce- 
dures. There is a spectrometer-scaler, a 
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scintiscanner, well-counting with or with- 
out the spectrometer, and a dual matched 
probe rate meter and dual recorder. 

The need for a program of centralized 
radiation therapy is especially acute in 
smaller communities. The success of the 
Foundation at Santa Barbara may serve, 
with the necessary modifications, as ап 
example for such communities. The plan 
has worked well in Santa Barbara owing to 
the support it has received both from 
physicians and from radiologists. Approxi- 
mately 9$ per cent of all radiation therapy 
and isotope procedures within a radius of 
twenty miles are performed at the Founda- 
tion. The need for such specialized pro- 
grams is everywhere recognized. We must 
meet this challenge by providing adequate 
treatment at properly equipped centers. 


2315 Bath Street 
Santa Barbara, California 
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POLICIES OF TREATMENT IN CANCER OF 
THE CERVIX UTERI* 
By GILBERT H. FLETCHER, M.D.,7 FELIX М. RUTLEDGE, M.D.,¢ 
and PAUL M. CHAU, M.D.f 


HOUSTON, TEXAS 


INCE the beginning of the century when 
the Wertheim operation was devised 
and the first radium treatments were 
given, considerable progress has been made 
in understanding the spread of cancers of 
the uterine cervix. Insight into the effec- 
tiveness of radiation therapy and surgical 
procedures has been obtained and surgical 
and radiotherapeutic techniques are now 
based on anatomic data and clinical biology. 
The relationship of the zones of effective- 
ness of intracavitary radium therapy and 
external irradiation to the routes of spread 
of carcinomas of the cervix is well known. 
These main routes of spread (Fig. 1) are: 
1, Along the vaginal mucosa consider- 
ably bevond palpable or visible disease. 

2, Into the myometrium of the lower 
uterine segment and from there to the 
fundus. This type of extension is more 
likely to occur with carcinomas originating 
in the endocervix. 

3. Into the network of lymphatics of 
the paracervical areas around the ureters, 
laterally to the internal os and the lower 
uterine segment. This spread is frequent 
even in the early stages.^ From there, the 
disease spreads into the parametria and to 
the pelvic wall lymphatics (Fig. 2, .7, В 
and C). 

The routes of spread and incidence of 
involvement of the pelvic wall lymph 
nodes in the adenocarcinomas and adeno- 
acanthomas of the cervix are not defi- 
nitely known because of the relative rarity 
of these histologic patterns, but it can be 
assumed that the routes of spread are 
similar to those of the squamous cell 
carcinomas. 
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Vic. т. Sketch of the routes of spread of cervical 
cancer, The arrows show the three main routes of 
spread along the vaginal mucosa, into the myo- 
metrium and into the lymphatics of the para- 
cervical area. The lymph node areas are outlined 
in relationship to the bony structures, ureters and 
arteries. The lymph nodes located under the 
bifurcation of the common iliac artery (into the 
external iliac and the hypogastric arteries) are 
included with the hypogastric lymph nodes. 


Originally, radiation treatment of pa- 
tients with cancers of the uterine cervix 
consisted of only intracavitary radium. In 
the late tg20’s, the addition of external 
irradiation, supplementing the intracavi- 
tary radium for irradiation of the para- 
metria and pelvic walls, increased the sur- 
vival rates in the Stage и and Stage m 
cases. Techniques of external irradiation 
and its combination with intracavitary 
radium therapy varied considerably be- 
tween the various institutions. 

In the 1930's, the 400 kv., соо kv., and 
оо kv. units became available. Several 
centers used 400 or ОО kv. units and halt 
value layers (HVL) of 4 to § mm. Cu 
routinely.*:7225 Higher doses were given 


* Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27- 


23, 1960. 


f Department of Radiology, Section of Radiotherapy, The University of Texas M. D. Anderson Hospital and ‘Tumor Institute, 


Houston, Texas. 
f Department of Surgery, Chief of Gynecology Service. 
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Fic. 2. Location of pelvic lymph nodes. (4) Anteroposterior roentgenogram of the pelvis, with lymph node 
locations identified by metallic clips attached during lymphadenectomy. The colpostats have been traced 
in the same relative position to the bony pelvis as they were on the roentgenograms taken with the appli 
cators in situ. (B) Lateral roentgenogram of the pelvis of the same patient. Because of a small senile 
vagina, the vaginal applicators are low in relationship to the lymph nodes. (C). Dry pelvis with pins 
located at the position of the lymph nodes as determined from roentgenograms. (Reproduced with per- 
mission of Radiology.*) 
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to the pelvic walls and with efficient 
techniques survival rates were further 
improved.'? In some institutions 800 kv. 
or one million volt units were used.*:!° 

Since World War П, 2 теу. roentgen- 
ray generators, kilocurie cobalt 60 units 
and 15 to 25 теу. betatrons have been 
used extensively in the management of 
cancers of the uterine cervix. More radical 
and efficient radium techniques also have 
been devised.'** 


STAGING AND SUBSTAGING 

To determine which cases are suitable for 
primary intracavitary radium therapy, it 
has been found necessary to subdivide the 
Stage 11 cases of the international classifi- 
cation into Stage 114, іп which the disease 
is limited to the upper two thirds of the 
vagina and,or there is minimal involve- 
ment of the parametria and no massive 
involvement of the corpus, and Stage па 
in which there is still tumor-free space but 
the disease extends almost to the pelvic 
walls or there is a “barrel-shaped” uterus 
on rectopelvic examination (Fig. 3). 
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Fic. 3. Classification of carcinomas of the uterine 
cervix. Stage 14, lesion less than 2 cm. in diameter; 
Stage 1p, lesion greater than 2 cm. in diameter, 
but still limited to the cervix; Stage пд, involve- 
ment limited to the vagina and, or slight para- 
metrial involvement; Stage tp, involvement of the 
lateral aspects of the parametrium, with or with- 
out vaginal involvement; Stage 1114, involvement 
of one pelvic wallor the lower third of the vagina; 
Stage шв, involvement of two pelvic walls or of 
one pelvic wall and the lower third of the vagina. 
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A survey of the literature’ shows that 
the incidence of involvement of the pelvic 
wall lymph nodes is less than 25 per cent 
in Stage т and Stage 114, around 40 to £o 
per cent in the Stage пъ, and above бо per 
cent in Stage I1 cases. 

In the Stage 1 and Stage 114 cases, the 
emphasis should be on the local disease 
which can be encompassed within the intra- 
cavitary radium therapy zone of adequate 
dosage, but from Stage ty on, the disease 
is beyond the reach of effective intra- 
cavitary radium therapy. 

Following Garcia's" concept, the Stage 
ur cases have been subdivided into Stage 
тл, When only one pelvic wall is involved, 
and Stage 11a when both pelvic walls or 
one pelvic wall and the lower one third of 
the vagina are involved. The Stage tig 
cases are those with frozen or near frozen 
pelves and their prognosis is significantly 
worse than the prognosis of the Stage 1114 
cases. 

The Stage tv cases are subdivided into 
those in which the disease is limited to the 
pelvis, usually with invasion of the bladder, 
and those with distant metastases. In the 
first group radical radiation therapy is still 
indicated. 


THERAPEUTIC POSSIBILITIES OF SUPER- 
VOLTAGE IN CANCERS OF THE 
UTERINE CERVIX 

There are essentially three ways of using 
supervoltage roentgen therapy: 

1. Supervoltage substituted for conven- 
tional voltage. The same technique of intra- 
cavitary radium is used with external 
radiation to the lateral parametria and 
pelvic walls.** 

Blomfield! has reported an increase in 
survival rates for all stages from 31 to 41 
per cent for the same composition of 
clinical material. He has also found im- 
provement within stages. 

2. External irradiation alone, There are 
only small series of cancers of the cervix 
treated by external irradiation alone. 
Baclesse! irradiated some selected cases 
with 200 ky. More recently there have been 
attempts to control cervical cancers with 
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supervoltage roentgen therapy only. Tumor 
doses of 6,000 to 7,000 r have been given in 
six to seven weeks.*?"?^?5 The series is 
small and the information is fragmentarv, 
but it seems that these doses are not 
sufficient. Watson and Burkell*?* have 
effectively treated, with a 22 mev. betatron, 
a small number of Stage ти and Stage ту 
cases with 7,500 to 8,000 r in five weeks. 

3. Whole pelvis irradiation followed by 
intracavitary radium therapy. This tech- 
nique is used in several institutions." It 
is the technique which has been utilized in 
our institution for the late Stage 11, Stage 
m, and Stage ту саѕеѕ.? The rationale is 
that the site of origin of a tumor, which 
has been longest in existence, has a poor 
vascular supply and tumor cells are less 
radiosensitive. Therefore, to ensure control 
of the local disease, it is necessary to add 
local intracavitary radium therapy. 


POLICIES OF TREATMENT SINCE THE 
AVAILABILITY OF SUPERVOLTAGE 

[ntracavitary radium therapy, carefully 
avolding cold spots in the vicinity of the 
cervix, can encompass the local disease and 
Its immediate extensions. Therefore: 

г. The Stage т and Stage пу cases are 
effectively treated by intracavitary radium 
therapy, provided the anatomy is suitable 
and there is no associated condition such 
as pregnancy or postpartum. 

2. The Stage n, and Stage tty cases, 
because of involvement of the lateral 
parametria and the high incidence of 
pelvic wall nodes, are to be considered as 
generalized pelvic disease, with massive 
central disease. The emphasis is shifted to 
high dose whole pelvis irradiation with 
diminished local radium therapy. 

3. The Stage uty and Stage 1v cases 
limited to the pelvis are in essence frozen 
pelves and local additional therapy is often 
not indicated. 

Table 1 summarizes the treatment pol- 
icies. 

RADIUM THERAPY AND DOSIMETRY USED 

IN OUR INSTITUTION 


The intracavitary radium therapy is a 
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modification of the Manchester technique 
(Fig. 4). 

The contribution from the radium sys. 
tem to the parametria and pelvic wal 
lymph nodes depends upon several factors 

1. The total number of milligram hour: 
(mgh). 

2. The respective loading of the tanden 
and colpostats. 

3. The location of the radium svsten 
within the pelvis. 

Direct measurements’: have showr 
that the uterine radium is the main con. 
tributor to the pelvic wall lymph nodes be. 
cause of its more central location withir 
the pelvis. The contribution from the 
vaginal radium depends considerably upor 
the location of the radium system; thi: 
varies with age and distortion caused by 
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Fic. 4. Applicators used in intracavitary radium 
therapy. From left to right: dummy plastic ovoids 
used for fitting, plastic or rigid tandems of dif. 
ferent lengths, various types of flanges, plastic 
jackets, metal ovoids with handles and vaginal 
cylinders. The ovoids are 2 cm. in diameter; 2.5 
and 3 cm. ovoids are made by the addition of 
plastic jackets. The standard loading is, for the 
tandem, 15-10-10 mg. or 15-10 mg. and for the 
small, medium and large ovoids, respectively, 15, 
20, 25 mg. If a protruding 10 mg. source is used 
because of separation of the vaginal sources, each 
ovoid loading is diminished by $ mg. If there is 
any evidence of endometrial involvement (proved 
by positive endometrial biopsy of "barrel-shaped" 
uterus on rectopelvic examination), or if the 
disease originated in the endocervix or it is an 
adenocarcinoma, the radium content of the tan- 
dem is increased to 15-14-10, 20-15-10, or 15-1- 
20-15 mg. depending on the length of the uterine 
cavity. The vaginal radium is usually diminished 
by the same amount with which the uterine 
radium is increased. 
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POLICY OF TREATMENT IN CARCINOMAS OF THE UTERINE CERVIX 








Treatment* 


Exceptions 





I 8,000-12,000 mgh in 2-4 insertions 
in 2-4 weeks, and 
3,000-4,000 rads to parametria and 
pelvic walls 


If lesion on cervix is large, 2,000-4,000 rads are given first 
to the whole pelvis in order to secure optimal geometric 
conditions for intracavitary radium therapy 


In case of associated pregnancy, or up to 1 year postpartum, 
4,000 rads are given to the whole pelvis because of in- 
creased probability of metastatic disease in the pelvic wall 
lymph nodes 


HA Same as Stage I 


ug 4000 rads to the whole pelvis in 4 
weeks with the betatron, followed by 
4,500-6,500 mghf in 2 insertions in 2 
weeks 


Same as Stage 1 


For adenocarcinomas and some selected cases of particu- 
larly infiltrative stony hard squamous cell carcinomas in 
Stage Ha, less whole pelvis radiation may be given in order 
to give more local radium therapy. A hysterectomy is per- 


formed in the adenocarcinomas and also in the large endo- 
cervical squamous cell carcinoma if regression is slow 


ni. б,ооо rads to the whole pelvis in 6 
weeks with the betatron, followed by 
4,000- 5,000 mgh in one insertion} 
uig 7,000 rads to the whole pelvis in 7 


weeks with the betatron 
occasionally with additional 2,000- 
3,000 mgh of radiumt 


Same as Stage ир 





* There are many adaptations: e.g., if there is extensive vaginal involvement, more vaginal radium is used, possibly a cylinder or 





interstitial needling. Irrespective of the total dose, 200 rads of tissue dose are given ¢ days/week, e., 1,000 rads/week. 

f The treatment time for 5,000 to 6,000 mgh of radium is between 40 and 48 hours for each insertion, usually a week apart (2 weeks 
apart if some intolerance develops, or if more shrinkage of the primary lesion is needed). 

f In Stage тїї cases, a long protruding tandem is often used, as the vault is shrunken and can only accommodate a single ovoid. The 
tandem is dumbbelled (e.g, 20-15-15-20 mg.) with 11 sources protruding and stays approximately 72 hours. Frequently, $00 to 1,000 
rads are added on the involved side of a Stage д case, with a то by 6 ст, portal, 

The last 1,000 rads to the whole pelvis in Stages ng and 1v are given through 2 parallel opposed portals, 12 hy 12 cm. 


disease (Fig. 5). In younger patients with 
roomy and distensible vaults, the radium 
is placed high in the pelvis; in older patients 
and also in patients with the vagina ex- 
tensively involved by disease, the vagina 
is shorter and, therefore, the radium sys- 
tem is placed much lower. With a high 
location within the pelvis, the contribution 
to the obturator lymph nodes is approxi- 
mately 1,000 r for each 4,400 mgh. The 
contribution to the hypogastric and ex- 
ternal iliac lymph nodes is approximately 
half of that delivered to the obturator 
lymph nodes.’ In the best circumstances, 
the radium delivers a maximum of 2,000 


г (9,000 to 10,000 mgh) to the obturator 
lymph nodes, and 1,000 r to the external 
iliac and hypogastric lymph nodes. 

Doses to point A and point B of the 
Manchester school have been calculated 
but have not been used as a guide in our 
planning of treatment for individual cases 
or as a guide for the combination with 
external irradiation. Point A is theoretically 
at the crossing of the uterine artery and the 
ureter, but is not, as a rule, superimposed 
on any definite pelvic structure. This has 
been demonstrated by careful three di- 
mensional studies." Point B is superim- 
posed on the obturator lymph node, 


te 
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which is one node among many, only when 
the radium system is located high in the 
pelvis. 

The dosimetric procedures and the 
analysis of complications in correlation 
with the doses have been published.'" 

Direct measurements give information 
only to the level of the posterior fornix and 
slightly higher if a curved probe is used. 
The doses to the rectosigmoid and sig- 
moid vary with the location of the uterus 
within the pelvis. If the radium svstem is 
high and close to the sacrum, doses will 
be high and it would be of value to be able 
to determine them. 

The uterine radium contributes most to 
the small intestine because the loops are 
wrapped around the uterus. In the ab- 
sence of adhesions, the loops change posi- 
tion so that no one segment of small in- 
testine is repeatedly irradiated. Pelvic sur- 
gery or inflammatory disease binds the 
small intestine by adhesions and greater 
care must be exercised in those cases. 

The dose on a sphere of an arbitrary 





Fic. 5. Variations in location of the radium system 
within the pelvis. Small markers have been pinned 
on a bony pelvis to identify lymph node groups 
according to lymphadenectomy findings. Two ac 


tual radium systems have been reconstructed in 
space, showing the difference in relationship to 
the pelvis and lymph nodes. The lower radium 
system was used in the treatment of an elderly 
patient with a short, narrow vagina. The upper 
radium system was used in the treatment of a 
young patient with a roomy, distensible vagina. 
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radius of 7 to 8 cm., concentric with the 
center of gravity of the radium system 
could be a useful guide. This dose wouk 
be obtained by dividing the number о 
milligram hours by the inverse of the 
square of a constant radius and is tanta 
mount to speaking in terms of milligran 
hours. The radium system should be 
weighted because the uterine radium con 
tributes more radiation to the sigmoid anc 
small intestines. 


WHOLE PELVIS TECHNIQUE WITH 
SUPERVOLTAG! 

Whole pelvis irradiation prior to radiun 
therapy aims both to shrink disease on anc 
around the cervix and to irradiate pelvic 
wall lymph nodes. 

With a vaginal caliper, the projection: 
of the cervix on the anterior and posterioi 
surfaces of the abdomen are determine 
and the lower margin of the portals i: 
marked accordinglv.*5 If there is involve- 
ment of onlv the cervix and the fornices 
the lower margin is set 4 cm. below the 
projection of the cervix. If the vagina i: 
extensively involved, the rod is place 
against the lowest palpable diseased are: 
and the lower margin of the portal i: 
marked to show four rings. The adequacy 
of coverage is checked by roentgenogram: 
taken while the vaginal rod is in position 
counting the number of brass rings. As the 
height of the portals is always 15 cm. 
even if the involvement in the vagina is 
low, the coverage of the hypogastric Ivy mpl 
nodes may be marginal. 

Two parallel opposed portals can be used 
for whole pelvis irradiation up to 4,00€ 
or even 5,000 rads with a kilocurie cobalt 
60 unit, 2 теу. roentgen-rav generator, от 
22 mev. betatron. 

It might be unwise to deliver, with two 
parallel opposed portals, 6,500 rads with a 
2 mev. or kilocurie cobalt 60 unit since 
higher doses are delivered to the subcuta- 
neous and muscular tissues. With a 22 mev. 
betatron, two parallel opposed portals 
could be used, but a four-field technique 
of anterior, posterior and two lateral 
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portals produces an optimal volume dis- 
tribution (Fig. 6). 

The tissue doses are very homogeneous 
and therefore can be determined bv cal- 
culating the dose at the center of the pelvis 
from depth dose tables. Daily settings can 
be accurately performed with simple ac- 
cessories. 

Attempts were made to deliver 6,000 
rads on the pelvic walls at the rate of 
1,000 rads per week with 360 degree rota- 
tion on the cobalt 60 unit. Excessive diar- 
rhea developed because of the large vol- 
umes of intestines which receive doses of 
the order of 5,000, 4,000 and 3,000 rads. 
Using equi-are rotation techniques, better 
tolerance is apparently obtained because 
the isodose curves are flattened anteriorly 
and posteriorly 2"! 


PARAMETRIAL TECHNIQUE WITH 
SUPERVOLTAGE 

Two parallel opposed portals, with 
shielding centrally or asymmetrically 
located depending upon the volume dis- 
tribution from the radium system, are 
used. The portals are 15 by 15 cm. and are 
checked by verification roentgenograms. In 
this instance, only the bony pelvic struc- 
tures are of concern, The lower margin of 
the anterior and posterior portals transects 
the obturator foramen. 


————— —— 


Fic. 6, Anteroposterior, posteroanterior and lateral 
portal technique with the 22 mev. betatron. The 
volume distribution is very homogeneous and the 
tumor dose can be calculated from depth dose at 
the center of the pelvis. 
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Central lead strips on the surface of the 
body produce, in the average patient, 1 cm. 
wider screening at mid-pelvis. The width 
of the shielding for the parametrial treat- 
ment ranges from 3 to 5 cm., depending 
upon the width of the zone of effectiveness 
of the radium system. The width is some- 
times increased bv steps to dovetail with 
the decrease of the lateral fall-off from the 
radium. 


WEEKLY DOSAGE 


With 15 by 1¢ cm. portals, 1,000 rads 
per week are well tolerated. Half of the 
patients have no symptoms, approximately 
3o per cent have mild symptoms, and the 
remaining 20 per cent of the patients need 
some medication, such as bismuth and 
paregoric. Treatment is rarely discon- 
tinued because of excessive diarrhea. There 
are usually no bladder symptoms and, if 
present, are never severe unless there is 
pre-existing cystitis. 


CARCINOMAS OF THE CERVICAL STUMP 


The squamous cell carcinomas and the 
occasional adenocarcinomas of the cervical 
stump require adaptation of the methods of 
treatment because the absence of a uterine 
cavity diminishes the effectiveness of the 
radium therapy in the paracervical areas. 
Also, disease at the top of the remaining 
cervical canal is inadequately irradiated by 
the vaginal radium and the one source 
located in the remaining cervical canal. 
Therefore, whole pelvis irradiation is re- 
sorted to sooner than for the same stage of 
the disease on an intact uterus (Table 11). 


LARGE ENDOCERVICAL CARCINOMAS 
There is a clinical variety of squamous 
cell carcinoma, or occasionally adeno- 
carcinoma, originating apparentlv in the 
endocervix which produces extremely large 
tumors, sometimes 8 to 10 cm. in diameter. 
They may extend, on rectopelvic examina- 
tion, almost from one side to the other of 
the pelvis, at times rendering difficult an 

appraisal of the parametrial situation. 
In these cases if, after 4,000 rads and the 
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POLICY OF TREATMENT IN SQUAMOUS CELL CARCINOMAS OF THE CERVICAL STUMP* 





Lesion 


Treatment 





Moderately advanced with adequate 
vault, If vault is narrow, treated the 
same as Stage 11 advanced 


Stage 11 
Early 


Moderately advanced$ 


Advanced or massive] 


Vaginal radium and an endocervical source (25 mg.) for 72 hour 
and 3,500 rads transvaginally.t If endocervical canal is absent 
omit radium and increase transvaginal therapy to 6,000-7,000 rads 


Whole pelvis irradiation of 2,000 rads followed by intracavitar 
radium for 48 hours and transvaginal therapy of 3,500 rads wit 
additional 2,000 rads to parametria. t If endocervical canal is absen 
omit radium and increase transvaginal therapy to 5,000 rads 


Same as moderately advanced Stage i stump lesion 


Whole pelvis irradiation of 4,000 rads followed by intracavitar 
radium (2X48 hours) or transvaginal therapy of 4,000-5,000 rad: 


Whole pelvis irradiation of 6,000 rads followed by intracavitar 
radium for 72 hours or transvaginal therapy of 3,000-3,500 rad 


Stage ш 
All cases] 


Stage 1v 
All cases 


Same as advanced Stage 11 stump lesion 


6,000 or 7,000 rads (last 1,000 rads with 12 by 12 cm. anteropos 


terior portal) to the whole pelvis 


* With a long stump after a previous fundectomy, treatment is performed as if the uterus were intact (see Table 1). With a shor 
stump, the principle of treatment is to use the whole pelvis technique one stage sooner than in cases with intact uterus, because of 


less adequate radium system. 


t Transvaginal therapy (usually with 146 kv., 3 mm. Al НУТ.) precedes radium therapy if the canal is long enough for. radiur 


source; otherwise, the radium precedes the transvaginal therapy. 


ft In patients with a narrow vagina and where the canal cannot be found, volume radium needling is used in place of transvagin: 
therapy or intracavitary radium. The doses are 3,000 to 5,000 rads depending upon the dose to the whole pelvis and the size of th 


volume implanted. 


first radium insertion, there has not been 
regression. of the fundus and cervix to 
normal size, a hysterectomy is performed. 
The second radium insertion is limited to 
give a maximum 5,500 mgh. The purpose 
of the hysterectomy is to eradicate residual 
disease in the myometrium. 


ADENOCARCINOMAS 


The adenocarcinomas of the cervix fall 
into 2 categories: (1) those which, after 
fractional curettage, are shown to be 
limited to the cervix, and (2) those with 
positive endometrial biopsy, which are 
allotted, according to Heyman's classifica- 
tion, to the corpus et collum category. 

The adenocarcinomas limited to the 


cervix are essentially managed like thi 
squamous cell carcinomas; however, be 
cause of their reputation of less radiosensi 
tivity, there is a tendency, in the Stage п 
and Stage 11 cases to give smaller doses о 
whole pelvis radiation and to use mor 
intracavitary radium therapy. For instance 
only 2,000 rads may be delivered to thi 
whole pelvis in a Stage па case, with cor 
respondingly heavier intracavitary radiun 
therapy. In Stage"1 and Stage ua, am 
Stage пв cases, a hysterectomy anc 
lymphadenectomy are performed, the radia 
tion therapy being slightly less radical. 
The corpus et collum adenocarcinoma 
are managed like cervical adenocarcinomas 
provided a hysterectomy can be performed 
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if the disease is too advanced or there are 
medical contraindications, vaginal ovoids 
with the same radium dosage as for the 
cervical cancers, combined with the Hey- 
man’s packing technique (2,500 mgh of 
radium for each insertion), are utilized. 
Longer fractionation is used and the pack- 
ing may be repeated three times, with two 
weeks between each. 

In summary, the policy for the treatment 
of patients with adenocarcinomas of the 
cervix is to combine radium therapy, effec- 
tive in irradiating the vaginal sheath and 
paracervical areas, with a hysterectomy 
which removes the residual disease in the 
uterus. 


CARCINOMA OF THE CERVIX ASSOCIATED 
WITH PREGNANCY OR THE 
POSTPARTUM PERIOD 


The results in cases of squamous cell 
carcinomas of the uterine cervix associated 
with pregnancy or diagnosed up to one 
year postpartum, analyzed in 1954 when 
supervoltage became available, showed: 

I. That the cure rate was significantly 
lower than the cure rate of other cases (11 
dead of 22 patients treated for Stage 1 and 
Stage 11). Many deaths occur within one 
year and almost all (93 per cent) within two 
years. 

2. That the influence of pregnancy on 
cure rate was felt up to one year post- 
partum (of 15 treated for disease with 
symptoms starting 7 to I2 months after 
delivery, 10 patients died). 

3. That a small series of lymphadenecto- 
mies suggested a higher incidence of in- 
volvement of pelvic wall lymph nodes than 
in the cases not connected with pregnancy 
or postpartum, indicating an increased 
metastatic aggressiveness. 

It was decided to give to the Stage 1 and 
Stage 11 cases a dose of 4,000 rads to the 
whole pelvis. The rest of the treatment is 
adapted to the clinical situations. 

In the first trimester of the pregnancy, 
abortion usually occurs after 2,000 to 3,000 
rads are given. When external irradiation 
is completed at four weeks, the usual 
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intracavitary radium therapy can be used. 

In the second trimester, abortion usually 
occurs before 4,000 rads are delivered. 
When external irradiation is completed, the 
uterus has involuted enough to proceed 
with the normal radium therapy. There 
have been 4 instances in which abortion 
did not occur by the time 4,000 rads had 
been delivered. In those cases vaginal 
radium only was used and a hysterectomy 
performed. 

In the third trimester, if the fetus is 
viable, a high cesarean section is done and 
whole pelvis irradiation is started three or 
four days afterward. The uterus is suffi- 
ciently involuted after 4,000 rads are 
delivered to carry the normal intracavitary 
radium therapy. A more complex problem 
is present when the patient is six to seven 
and one-half months pregnant. A decision 
must be made whether or not to postpone 
treatment until survival of fetus is prob- 
able. 

In the immediate postpartum period 
4,000 rads are given to the whole pelvis. 
The uterus is fully involuted at the end of 
the external irradiation and radium therapy 
can be performed without difficulty. The 
worst results are in patients who have 
delivered through a diseased cervix. 


LYMPHADENECTOMY STUDIES 


The effectiveness of 4,000 or 6,000 rads 
whole pelvis irradiation plus the contribu- 
tion from the radium system on metastatic 
pelvic wall lymph nodes can be evaluated 
only by an anatomic and histologic study. 

'The results of lymphadenectomies in un- 
selected cases have been published.” Fur- 
ther studies (Table 111) have confirmed that 
the incidence of positive pelvic wall lymph 
nodes is around 20 per cent in Stage ш 
cases. This is much less than the expected 
60 to 70 per cent according to the litera- 
ture.4 

There is a relatively higher incidence of 
involved pelvic wall lymph nodes in Stage 
ив cases. This indicates that 4,000 rads 
plus the contribution from 5,500 to 6,000 
mgh of radium, which is at most 1,500 г 
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349 LYMPHADENECTOMIES IN UNSELECTED 
SQUAMOUS CELL CARCINOMAS ON 
INTACT UTERUS 
1955—1900 





Per Cent of 








Patients with 

Stage Lymphaden- Positive Pelvic 

ectomies Wall Lymph- 
Nodes 

Stage 1 41 2.5( 1)* 

Stage HA ba 8( 5) 
Stage иң 59 20 (12) 
All Stages п 129 13 (17) 
Stage ша 85 17 (14) 
Stage тив 8s 22 (19) 
All Stages ut 170 19 (33 


* ( ) number of cases. 

One hundred consecutive Stage mi cases were subjected to 
lymphadenectomies. Following the completion of this series, 
using a randomization scheme, lymphadenectomies were per 
formed on patients with Stage 1 to 1114 disease. 

The lymph nodes around the bifurcation of the common iliac 
artery into the hypogastric and external iliac. arteries are in- 
cluded in rhe “hypogastric nodes" group. 


to the obturator lymph nodes and 700 г to 
the other lymph node areas, may not be 
as effective as 6,000 rads plus the contribu- 
tion of 4,000 to 5,000 mgh of radium. 
There is a high incidence of positive 
periaortic lymph nodes in the cases in 
which pelvic wall lymph nodes are posi- 
tive. The explanation is that radiation 
fails to control the larger metastatic nodes 
(larger tumor masses are less radiosensi- 
tive), and that the next lymphatic relays 
are more often involved with massive me- 
tastases to the proximal lymphatics. 


RESULTS OF TREATMENT 


The material analyzed consists of all 
cases of cancers of the uterine cervix, 
where the primary was untreated, regis- 
tered from August, 194%, through August, 
195%, 

From August, 1948, through August, 
1954, а 400 kv. unit was used for external 
irradiation. Since September, 1954, a 22 
mev. betatron has been employed almost 
exclusively. 

The material is subdivided (Table ту) 
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into squamous cell carcinomas on the in- 
tact uterus, stump carcinomas, and adeno- 
carcinomas limited to the cervix. The inci- 
dence of Stage 1 and Stage 114 cases com- 
bined is the same in the presupervoltage 
and supervoltage series. There is a slight 
shift to more Stage 111, and Stage ту cases 
being treated because after the availability 
of a supervoltage roentgen therapy unit, 
attempts were made to treat, more often 
and more systematically, the very ad- 
vanced cases. This has been found to be 
only slightly rewarding. 

In the two series the distribution by 
economic strata is not different; both are 
composed almost entirely of charity cases. 
Approximately 50 per cent of the patients 
in the presupervoltage series were Negro 
and Latin American (more advanced cases), 
while the percentage is 40 per cent in the 
supervoltage series. The age distribution of 
the two groups is similar. 

Table v gives the survival rates for the 
three categories: squamous cell carcino- 
mas on the intactuterus, stump carcinomas, 
and adenocarcinomas. There is an apparent 
improvement in survival rates in the Stage 
Hp, Stage i14, and Stage 1114 cases of the 
supervoltage series. The survival rates in 
Stage 1v are relative to the percentage of 
cases treated, which is at most 40 per cent 
of all Stage 1v cases registered. 

The results in the pregnancy or post- 
partum cases are much improved. The im- 
provement is the same for the two groups 
of cases—pregnancy up to six weeks post- 
partum and six weeks postpartum to one 
vear. The increased survival rate is most 
marked for Stage 1 cases (all 18 patients 
treated are still alive). 

An analysis of the sites in which the 
failures occurred in Stage 1 through Stage 
lif, cases reveals a shift in the cause of 
death from pelvic disease to distant metas- 
tases or intercurrent diseases (Table vi). 
In Stage ть there is the same proportion 
of pelvic disease failures, emphasizing that 
in these massive cancers there is still un- 
controlled local disease producing death be- 
fore distant metastases become manifest. 


Taste IV 
ALL CASES OF CANCER OF THE UTERINE CERVIX 

























































































. 
Presupervoltage—August, 1948 to September 1, 19$4; Supervoltage—September 1, 1954 vM 
to September 1, 1958 
Intact Uterus Stump Adenocarcinoma 
Stage › $ Since 5 Since 
Presuper- Since Presuper- Super- Presuper- Super- 
voltage — |Supervoltage| voltage voltage voltage voltage 
1 Treated 64 tis 7 7 1 b 
Untreated o | І о о o I 
Total 64 18 7 i 1 7 
HA Treated 129 106 14 14 4 6 
Untreated о 2 о о о o 
Total 129 108 14 14 4 b 
ив Treated 123 114 15 6 4 6 
Untreated 2 1 1 о о о 
Total 125 11 16 6 4 6 
All Treated 252 220 29 20 8 12 
Stages Untreated 2 3 1 o o 
п Total | 254 223 30 20 8 12 
IIA Treated | 93 130 5 7 2 5 
Untreated 5 8 о о о о 
Total 98 138 5 7 2 5 
иһ Treated 87 148 4 15 1 4 
Untreated 23 it 2 2 1 o 
Total 110 159 6 17 2 + 
All | Treated 180 278 9 22 3 9 
Stages | Untreated 28 19 | 2 2 1 o 
11 Total 208 297 1 24 4 m 
у Treated 19 | 33 1 2 о о 
Untreated 44 | 47 4 5 І 1 
Total 63 | 84 | 4 7 І 1 
Total Treated | 505 | 652 46 51 12 27 
Untreated 74 70 6 7 2 2 
Total | 389 | 722 52 58 14 29 
|] 
TREATED SQUAMOUS CELL CARCINOMAS OF THE CERVIX, INTACT UTERUS 
Percentage of Each Therapeutic Group 
Stage Stage Stage Stage Stage 
tand ita ин Hla шв у 
Presupervoltage | 15.5 23.9 | 18.1 16.9 | KI 
Supervoltage | 3.0 17.5 20.0 25.3 | Cee 








The therapeutic groups, consisting of Stage 1 and Stage пл combined, Stage пн, Stage ша, Stage mip and Stage 1v, form the main 
therapeutic divisions. There is no appreciable difference in the distribution of the orthovoltage and supervoltage material by thera- 
peutic groups. 

A few patients in the Stage т, Stage п, and Stage 1114 groups were not treated because they refused treatment or because of some 
associated condition (insanity, other cancer, other disorders) which prevented treatment. 

There is a greater proportion of untreated cases in the Stage пв group prior to supervoltage therapy because little could be achieved 
with conventional voltage in patients with frozen pelves or bilaterally blocked kidneys. Since the availability of supervoltage therapy, 
а more systematic attempt to contro! frozen pelves has been made, but it has been found that the results are still not encouraging in 
patients with bilaterally blocked kidaeys or in very elderly patients. 

The squamous cell carcinomas of the stump in the supervoltage group have a greater proportion of Stage Ш cases. 

The two groups of adenocarcinomas, few in number, have about the same distribution. 
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TREATMENT RESULTS 
ALL PATIENTS TREATED FOR CARCINOMA OF THE UTERINE CERVIX 


August, 1948-August, 1958 








Before Supervoltage | Supervoltage 
1948-September, 1954 1954-September, 1958 
Stage ——— — ——————M———— 
No. Per Cent Survived No. Per Cent Survived 
Treated об, 6 


Treated 5 Yr. 


ALL SQUAMOUS CELL CARCINOMAS ON INTACT UTERI" 


у : b4 | go (+3.6)* 117 | 93(+2.4)* 

































































| 
if | ws | юы, | б | вз) 
ив = i 123 = "rn өп ~~ ait 2) Е 
ЕТ Stages п uni am те | 220 "e | 8 (43.0) = 
IA ш | 93 in 44 (45.2). = а "-— lie §6(+4.7 | 
ШЕ m | 31 (44.9) ТЕ 148 i 38 (+42) 
All Stages 11** | ja кетет cd 48 "ed : 6 (+ ie Е 
рер Ы | = = E ——— CR Se y YU ORC e 
IV | 19 5(+5.1) | 37 14 (6.4) 
— — = — — НӘ M ња i м 4 — z- f E 
All Stages 515 $9 (+2.2) 652 63 (4 2.0) 
= = TNNT Aman TO ONE ov um*** ——À 
AI &ixges | m І | | eem | 44 | | 55-5 (46.8). 
І Е С SQUAMOUS к ccu OF Рет э =“. 
“all Rese ar | 61 TUS | Е "m | | 63 (8.9) 





ADENOCARCINOMAS TT 














All Stages 12 | 50(+14.4) | 27 | 85 (+7.1) 
* (+) Standard error. Prepared, according to Berkson-Gage method, by Mary C. Macdonald, Biometrician in the Section of 
Radiotherapy. 
** The greatest increase in survival rate is in the Stage ш cases. The survival rates for Stage 1, пд and Stage 1v cases are relatively 
unchanged. 


About 30 per cent of the Stage 1v intact uterus cases in the presupervoltage series were considered worth treating, whereas approxi- 
mately 45 per cent of the Stage 1v cases were treated in the supervoltage series. The absolute survival rate in Stage ту cases with 
intact uterus is 1.5 per cent in the presupervoltage series and 8 per cent in the supervoltage series. 

There are two possible reasons for the apparent discrepancy between the increase in survival rates for each stage and the over-all 
survival rates: 1) 14.5 per cent of the patients in the presupervoltage series were not treated, compared with 11 per cent in the super- 
voltage series; 2) to move the percentage from $9 to 64 means salvage of 5 patients in ҷо, and these are contributed by the segment of 
moderately advanced cases, 7.c., the Stage пн and Stage uia cases, which are most benefited. 

** The pregnancy and postpartum cases are included in the group of squamous cell carcinomas on intact uteri. 

t There is no difference in survival rates for all stages of the stump carcinomas. The proportion of Stage 111 cases is greater in the 
supervoltage group. 

TF The improvement in survival rates for the small group of adenocarcinomas in the supervoltage group may be partially attributed 
to the fact that hysterectomies had been performed when possible. 
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Tase VI 
SITES OF ACTIVE DISEASE PRIOR TO DEATH IN SQUAMOUS CELL CARCINOMAS ON INTACT UTERI 


Presupervoltage—August, 1948 to September 1, 1954; Supervoltage—September 1, 
1954 to September 1, 1958 
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The supervoltage group to the end of 1927 had a follow-up of a minimum of three years. As few patients die between three to five 
years, this series can be used for analysis of trends in distribution of sites of active disease, 

The evaluation of sites of active disease is mostly clinical, occasionally based on surgical or autopsy findings. The patients listed 
under the column of no data are those who, when last seen, were without evidence of disease and who died at some later date without 
any reliable information as to status prior to death. 

Disease on the vault (V) is local disease in the vagina or the remaining uterus. 

Pelvic disease (PD) means active disease outside of the vagina or the remaining uterus, almost always pelvic wall disease. 

Only uncontroversial distant metastases (DM) are counted. Lung metastases seen on roentgenograms are most frequent, followed 
by supraclavicular lymph node and bone metastases. 

The shift to distant metastases and intercurrent disease (ID) is evident in Stages t, па, t, and шд. 

In the Stage rii patients who have died, the cause of death has been most often pelvic disease or even pelvic disease and local disease 
in the presupervoltage and supervoltage senes. 

The necroses (necr) of small bowel which produced death were all in the lymphadenectomy group. 


DISCUSSION significant. This is further substantiated by 
the fact that the lymphadenectomy series 
has demonstrated a high incidence of ster- 
ilization of pelvic wall disease. 


An evaluation of supervoltage roentgen 
therapy compared with conventional meth- 
ods depends, of course, upon the results The results with conventional techniques 
prior to the use of supervoltage. Radical are obtained with a high degree of indi- 
radium therapy combined with external ir- vidualization and elaborate radium ther- 
radiation can produce higher than zo per apy. This is hard to maintain when a larger 
cent survival rates,!?:!5 group of treating physicians is involved. It 

The improved survival rates in Stage 11s, is also hard to duplicate in other clinics. 
Stage шл, and Stage uty are probably High dose whole pelvis irradiation of 


* Vor. 87, No. 1 


4,000 rads in bulky lesions and Stage 11s 
cases and of 6,000 rads in Stage 111 cases has 
simplified treatments. Individualization, 
still necessary for the additional intra- 
cavitary radium therapy is not nearly as 
elaborate. A hysterectomy with lymphad- 
enectomy can be performed when indicated 
without undue risk of complications. 

The servere complications almost always 
occur in the patients having received 6,000 
rads and additional surgery. Sigmoiditis of 

various degrees of severity is the only 
арабро inherent to high dose whole 
pelvis irradiation, 

It must be emphasized that these re- 
sults, both in cure rates and complications, 
are derived from a specific technique with 
a 22 mev. betatron, which, because of the 
use of lateral portals, produces minimum 
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irradiated volumes. 

As the incidence and severity of compli- 
cations due to high dose whole pelvis tech- 
nique are better established, it is con- 
ceivable that all cases, with the exception 
of very early Stage r, will be given 4,000 
rads to the whole pelvis, and 6,000 rads will 
be reserved for late Stage 111 cases, unless 
the anatomy precludes satisfactory radium 
therapy. 

The cases having had 7,000 rads or 8,000 
rads with or without some additional 
radium were mostly of Stage шь and Stage 
ту. Twelve out of 49, i.e., approximately 25 
per cent, are living two years or more 
(Table уп), showing that there is some 
value in treating very radically massive 
cancers. Of the 37 patients dead, 27 died 
with pelvic disease and three others died 


Taste VII 


PATIENTS TREATED WITH HIGH DOSE WHOLE PELVIS IRRADIATION 


September 1, 1954 to March 1, 1959 
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from necroses as a complication of their 
treatment. 


CONCLUSIONS 


Intracavitary radium therapy remains 
the best radiation method for permanent 
control of the early cancers of the uterine 
cervix. 

Supervoltage roentgen therapy, in this 
instance a 22 mev. betatron, permits the 
systematic use of high dose whole pelvis 
irradiation in the treatment of bulky pri- 
mary lesions, late stages of cancer of the 
uterine cervix and in the biologically more 
aggressive tumors associated with preg- 
nancy or postpartum. 

An extensive study of Iymphadenecto- 
mies has demonstrated that metastatic dis- 
ease and involved pelvic wall lymph nodes 
can be sterilized by irradiation. 

The survival rates in the supervoltage 
series are above 60 per cent for all patients 
treated, and $$ per cent for all patients 
registered. The survival rates by stages are 
до per cent in Stage 1, 75 per cent in Stage 
п, 40 per cent in Stage 11, and only an 
occasional case is cured in Stage 1v. 


Gilbert H. Fletcher, M.D. 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 
Houston 25, Texas 
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COMPLICATIONS IN HIGH DOSE WHOLE PELVIS 
IRRADIATION IN FEMALE PELVIC CANCER* 


By PAUL M. CHAU, M.D.,¢ GILBERT Н. FLETCHER, M.D.,$ FELIX N. RUTLEDGE, M.D.,t 
and GERALD D. DODD, Jr., M.D.$ 


ТЕ complications resulting from ra- 
dium therapy, alone or combined with 
orthovoltage external irradiation, in the 
treatment of patients with squamous cell 
carcinomas of the uterine cervix have been 
extensively studied in world radiotherapy 
centers. Common complications such as 
vault necrosis, bladder and rectal ulcers, 
and vesico- and rectovaginal fistulae have 
been attributed to high doses to the sur- 
rounding structures. With the accumula- 
tion of clinical experience and the improve- 
ment of dosimetric methods, significant 
advances were achieved and in such large 
series as those of the Radiumhemmet’ few 
major complications are now seen. The 
literature pertaining to complications spe- 
cific to supervoltage therapy is almost non- 
existent. 

'The complications in the patients treated 
in our institution prior to the availability 
of supervoltage roentgen therapy have been 
reported previously and evidence has been 
given that careful dosimetric procedures, 
in particular direct measurements of blad- 
der and rectal doses, resulted in fewer sig- 
nificant complications.’ 

'The availability of a 22 mev. betatron 
in 1954 brought about a radical change in 
the techniques for treatment of the more 
advanced cases. An extensive associated 
program of lymphadenectomies? and a 
greater effort to eradicate recurrent or 
residual disease by total hysterectomies 
and/or exenteration has been carried out. 

Concomitant with the initiation of super- 
voltage roentgen therapy in 1954, the 
permanent hospital was occupied. Although 
adequate facilities were available in the 


previous temporary quarters, clinicians 
were not as free to carry out extensive in- 
vestigations for minor symptomatology. 
This may explain the relative increase, since 
1954, in the incidence of complications of 
less severity such as dysuria, proctitis, and 
moderate sigmoiditis. 

The complications will be discussed in 
the following order: (1) proctitis, (2) rectal 
ulcer, (3) severe dysuria (radiation cystitis), 
(4) bladder ulcer, (5) sigmoiditis, (6) 
fistula, (7) small bowel necrosis, (8) vault 
necrosis, (9) excessive pelvic fibrosis with 
ureteral strictures, and (10) pelvic bone 
injury. 

The material will be analyzed according 
to: (a) the tvpe, relative incidence, and 
severity of complications comparing con- 
ventional versus supervoltage therapy 
(with particular reference to two main dose 
levels of 4,000 rads and 6,000 rads or more 
to the whole pelvis) combined with radium 
therapy; (b) the influence of lymphadenec- 
tomies and hysterectomies or exenterations 
on the complications in cases treated by 
conventional methods or with the two dose 
levels of 4,000 and 6,000 rads or more; and 
(c) the dose levels compatible with an addi- 
tional surgical procedure. Although this 
study will review the complications in rela- 
tionship to associated surgical procedures, 
the specific surgical complications will not 
be analyzed. 


CLINICAL MATERIAL 


The material consists of 741 patients 
treated between September 1, 1954 and 
March 1, 1959 for previously untreated 
squamous cell carcinomas of the uterine 


* From the University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, Texas. 
Presented at the Forty-third Annual Mecting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 


T Section of Radiotherapy, Department of Radiology. 
} Section of Gynecology, Department of Surgery. 


$ Section"of Diagnostic Radiology, Department of Radiology. Present address: Department of Radiology, Jefferson Hospital, 


Philadelphia, Pennsylvania. 
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Taste І 


DISTRIBUTION OF CLINICAL MATERIAL 


(September 1, 1954 to March 1, 1959) 
(741 Patients) 





























Postirradi- 
tion Hys- 
2 way 
7 Jw terectom y 
с No. of машак L wo or Exen- 
stage | Patients Galt sh ^| teration* 
nly |adenec- and 
ашу Lymph- 
adenectomy 
1 130 94 31 5 
ПА 127 82 32 13 
ив 130 7$ 35 20 
ША 147 бб 64 17 
Illy 165 92 58 15 
IV 42 38 2 2 
Total 741 447 222 727 
(60.3%)| (30%) | (9.7%) 





* There were 10 exenterations. 
T In 43 per cent (31 cases) residual or recurrent carcinoma was 
found in the surgical specimen. 
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PATIENT DISTRIBUTION BY TREATMENT TECHNIQUE 
(September 1, 1954 to March 1, 1959) 
(741 Patients) 
== Ec at o ЖЕТ - 





Postirradia- 
Irradiz Postirradia. | ©" Hyster- 
Irradia- | tion Lymph-| ectomy or 
tion Only adenectomy Exenteration 


and Lymph- 
adenectomy 


Radium with/without Parametrial Irradiation 














Stage 1 76 22 2 
Stage Ha 45 16 9 
Stage ив 12 6 o 
Stage 1114 4 2 2 
Stage шв 1 о о 
Stage Iv o о o 
Total 197 138 46 (23.2%)| 13 (6.6%) 





(Table TI continued in next column) 
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2,000 rads Whole Pelvis+-Parametrial 
Irradiation+ Radium 








Staget 14 2 
Stage ra 29 D 4 
Stage пв 9 б 2 
Stage IHA о 1 o 
Stage пц П о о 
Stage Iv 2 o o 
Total 85 $5 22 (25.8%) 8 (9.4%) 





4,000 rads Whole Pelvis Irradiation+ Radium 








Stage 1 4 5 1 
Stage пд 5 4 о 
Stage пв 44 17 9 
Stage шд 16 14 4 
Stage nig 2 1 о 
Stage iv 2 І о 
Total 129 73 42 (32.6%)| 14 (10.8%) 





6,000 rads or More Whole Pelvis Irradiation 
with/without Radium 








Stage 1 o о o 
Stage 114 2 I o 
Stage ив 10 6 7 
Stage шд 43 47 x 
Stage ша 81 57 15 
Stage 1v 22 1 2 
Total 305 158 112(36.805)| 35 (11.5%) 








Incomplete Treatment: 
114 —1 (no surgery) 
ив —2 (lymphadenectomy and hysterectomy) 
25 Patients. {1114—3 (no surgery) 
пїв—7 (no surgery) 
Iv —12 (no surgery; palliative treatment to 
4,000 rads whole pelvis irradiation) 


cervix. This provides a minimum two year 
period of observation which is adequate for 
the study of complications since, similar to 
the classic rectal complications, almost all 
the sigmoid and small bowel injuries occur 
within eight to fifteen months after therapy 
(occasionally, between fifteen to twenty- 
four months and, exceptionally, after two 
vears). 

Tables 1 and t1 show the distribution of 
the 741 patients by stage, treatment tech- 
niques, and surgical procedures. 

There are more lymphadenectomies in 
the Stage шл and Stage тив groups (43 and 
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35 per cent respectively) than in the Stages 
1, ПА and rg groups because, originally, 
Iymphadenectomies were carried out on 100 
consecutive Stage 111 cases and, later, on 
Stage 1 through Stage пт cases with a 
randomized scheme. 

Approximately the same number of 
hvsterectomies and/or exenterations have 
been performed in the Stage i1 and Stage 
її cases, The exenterations, although in- 
cluded, compose a small number. 


COMPLICATIONS 
PROCTITIS 


Cases listed under proctitis are those 
with symptoms of pain, intermittent diar- 
rhea, tenesmus, and a small amount of 
rectal bleeding. The symptoms appear be- 
tween six to thirteen months following 
treatment with the majority occuring be- 
tween six to nine months. The duration of 
the symptoms is from four weeks to four 
months. Only in an occasional patient has 
blood transfusion and hospitalization been 
necessary because of persistent rectal bleed- 


ing. 


In Table тїї the incidence of proctitis is 
tabulated by dose levels and surgical pro- 
cedures, The 4,000 rads whole pelvis irradia- 
tion group is almost free from this compli- 
cation. One patient who developed proctitis 
had had additional radium therapy because 
of extensive low vaginal disease. 

There were 4 cases (approximately 1 per 
cent) of proctitis in the group of patients 
who received 6,000 rads or more whole 
pelvis irradiation. 

Lymphadenectomies and/or hysterecto- 
mies do not add to the incidence of proctitis. 


RECTAL ULCER 

The symptoms of rectal ulcer are similar 
to those of proctitis except that they are 
more severe and more persistent. Without 
proctoscopy or roentgen examination, the 
diagnosis might be only one of proctitis. 

The use of dosimetric procedures in the 
presupervoltage series had diminished the 
incidence of rectal ulcers. These same 
dosimetric procedures have been carried out 
since the availability of supervoltage. There 
is complete freedom from rectal ulcer in all 
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PROCTITIS 


(September т, 1954 to March 1, 1959) 














(741 Patients) 














| 
К . Irradiation 
Treatment ee of А Only 
atients (447 cases) 
Radium with/without Parametrial | 
Irradiation 197 1-Stage 1 
2,000 rads Whole Pelvis Irradiation 
+Radium 85 о 
4,000 rads Whole Pelvis Irradiation | 
+Radium | 129 1-Stage 1* 
6,000 rads or More Whole Pelvis | зо 4-Stage ша 
Ы . . . ~ 

Trradiation+ Radium Stage HIA 


Stage тив 
Stage 1vT 








* Also had 5,000 г to the lower vagina by a radium implant. 
1 8,000 rads whole pelvis irradiation + radium. 


Postirradiation 
Lymphadenectomy 
(222 cases) 


o 





Postirradiation 
Hysterectomy or 
Exenteration and 

Lymphadenectom y 
(72 cases) 


һ 
int 














* 8,000 rads whole pelvis irradiation. 
t 7,200 rads + radium. 
tt Included in ileosigmoid fistula count. 


groups except in Stage tin cases which 
received 6,000 rads or more whole pelvis 
irradiation (Table 1v). 

'The time of appearance of rectal ulcers 
is between nine to twelve months; 1 case 
appeared at fourteen months. Self healing 
is the rule. One patient, treated with 7,000 
rads, required a colostomy; roentgeno- 
grams showed that the tandem was situ- 
ated low, close to the rectum. One case was 
also complicated with an ileosigmoid fistula. 
Another case, treated with 8,200 rads to the 
whole pelvis, was hospitalized for bleeding, 
but eventually healing occurred. 

The addition of lymphadenectomy and 
/or hysterectomy does not contribute to the 
incidence of rectal ulcers. 


DYSURIA 
There is always some measure of dysuria 
during and shortly after irradiation. The 
cases included in this series are those with 
lasting discomfort. The symptomatology 
consists of spasm and frequency, hematuria, 
and occasionally ascending renal infection. 
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RECTAL ULCER 
(September 1, 1954 to March 1, 1959) 
(741 Patients) 
Postirradiation 
jg ab Irradiation Postirradiation | Hysterectomy or 
"Treatment | p 9. 9 Only ‘Lymphadenectomy| Exenteration and 
аш: (447 cases) 222 cases) |Lymphadenectom у 
(72 cases) 
Radium with) without Parametrial 
Irradiation 197 o o о 
2,000 rads Whole Pelvis+Paramet- 
rial [rradiation+ Radium 85 o o о 
4,000 rads Whole Pelvis Irradiation 
+Radium 129. | E o o 
h,ooo rads or More Whole Pelvis 3-Stage тиц“ 
Irradiation+ Radium 305 | Stage ty о 1-Stage lg 
Stage img (ug)tt 





On cystoscopic examination there is evi- 
dence of radiation cystitis with or without 
superficial ulceration. 

As in the presupervoltage series, in most 
of the cases dvsuria has appeared between 
one to two vears, usually before eighteen 
months. Table v shows that dysuria is 
closely related to the radium therapy; 
study of the therapy data revealed that the 
position of the radium system produced 
high doses to the bladder. 

The symptoms have lasted intermit- 
tently from a few months to as long as three 
to four years. In the more severe cases, 
cauterization has been required to stop 
the bleeding. 

One must note the freedom from this 
complication in the group receiving 4,000 
rads whole pelvis irradiation; the only pa- 
tient with dysuria in this group had had a 
definitely faulty positioning of the radium 
system. Dysuria is not a complication spe- 
cific to 6,000 rads or more whole pelvis ir- 
radiation. The lymphadenectomy group 
seems to have a slightly higher incidence. 
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Tanie V 
DYSURIA 


(September 1, 1954 to March 1, 1959) 
(741 Patients) 





























Postirradiation 
No. of Irradiation Postirradiation | Hysterectomy or 
Treatment p: кй Only Ll. ymphadenectomy| Exenteration and 
stents (447 cases) (222 cases) Lymphadenectomy 
(72 cases) 
Radium with/without Parametrial 3-Stage 1* 2-Stage 1 o 
Irradiation 197 Stage 1* Stage HA 
Stage 114* 
2,000 rads Whole Pelvis Irradiation 
+Parametrial Irradiation+ Radium 85 o 1-Stage 1,* o 
4,000 rads Whole Pelvis Irradiation 
+Radium 129 о 1-Stage 111,* о 
6,000 rads or More Whole Pelvis 1- Stage nip i-Stage ША 1-Stage 11\* 
Irradiation+ Radium 305 (sigmoiditis) 





* Position of the radium delivered a high dose to the bladder. 
£ 


BLADDER ULCER procedures. Extreme anteflexion of the 
Most bladder ulcers appear from six uterus, with resulting high doses to the 
months to two years after therapy, but bladder by the radium in the tandem, is the 
they can appear later! In the present common cause in the Stage 1 cases which 
supervoltage series, 2 cases appeared at were treated. by radium alone. The group 
three and four years, respectively. of cases receiving 4,000 rads to the whole 
The symptoms are similar to those of pelvis is free from bladder ulcers. Supple- 
dysuria, but hematuria is more persistent, mental surgical procedures do not seem to 
at times profuse and difficult to control. increase the incidence of bladder ulcers. 
Two cases have been associated with renal 
changes that resulted in a nonfunctioning сиети 
kidney in т patient and pyelonephritis in The diagnosis of sigmoiditis or procto- 
another. The latter patient underwent a sigmoiditis is made by a thorough evalua- 
nephrectomy. Symptoms have been found tion of (a) clinical symptoms, (b) roent- 
to persist intermittently for an average of  genologic examination, and (c) proctosig- 
eight months; in 1 case symptoms lasted moidoscopic examination. It is only after 
as long as two years. this complete work-up that the diagnosis 
The ulcers are commonly located in the can be established and the severity of the 
trigone or slightly beyond, and only oc- сазе can be fully appreciated. Without com- 
casionally in the dome of the bladder. plete proctoscopic and roentgenologic ex- 
Treatment has been, asa rule,conservative; amination, the diagnosis remains uncertain 
occasionally a patient required blood trans- despite a suggestive symptomatology. Re- 
fusion or cauterization of the ulcer to stop peated proctoscopic and roentgenologic 
the bleeding. examinations should follow the changes in 
Table v1 shows the frequency of bladder the injured segment. There were cases in 
ulcers caused by irradiation and surgical which symptoms developed so acutely that 
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surgical intervention was immediately nec- 
essary and the diagnosis was made from 
the operative findings. 

The symptomatology consists of rectal 
bleeding, mucus discharge, abdominal 
cramps, pain on defecation, and alternate 
episodes of diarrhea and constipation. De- 
pending upon the severity of the organic 
damage, the symptoms may either subside 
or recur over a long period of time. In the 
mild or moderately severe cases, rectal 
bleeding is usually slight and does not re- 
quire particular attention. In the more 
severe cases bleeding may persist even after 
colostomy, causing anemia; fistulae can de- 
velop from continuing necrosis, and pelvic 
abscess can occur from perforation. 

Based on the symptomatology and the 
roentgen findings, radiation sigmoiditis can 
be classified according to three degrees of 
severity: mild, moderate, and severe. 

A. Mild Sigmoiditis. The symptoms are 
mild and temporary. Roentgen examina- 
tion shows a spasm of the sigmoid and at 
rectosigmoidoscopic examination edema- 
tous changes in the mucosa are noted. The 
involved segment varies in extent but is 
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usually of short length. There is no real 
narrowing of the lumen except in the 
presence of spasm which may, in some 
cases, contribute to a low grade obstruc- 
tion. 

B. Moderate Sigmoiditis. The symptoms 
are the same as in mild sigmoiditis but they 
are more persistent and more severe, with 
occasional subacute intestinal obstruction. 
Gaseous distention is a frequent complaint. 
Surgical intervention is rarely indicated. A 
low residue diet, mineral oil and, occasion- 
ally, antispasmodics are adequate to con- 
trol the symptoms, which tend to ease with 
time. 

Roentgen examination shows a localized 
smooth concentric narrowing with loss of 
normal mucosal folds and distensibility. 
Occasionallv, ulcerations may be demon- 
strated on roentgenograms but these are 
seen more often during sigmoidoscopy. 

C. Severe Sigmoiditis. Barium study dis- 
closes a markedly narrowed segment and, 
in some instances, a complete obstruction. 
Surgical intervention is required in most 
cases to avoid low bowel obstruction. Oc- 
casionallv, perforation may occur at the 
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BLADDER ULCER 


(September 1, 1954 to March 1, 1959) 
(741 Patients) 
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Postirradiation 
No. of Irradiation Postirradiation | Hysterectomy or 
Treatment p ida Only Lymphadenectom y| Exenteration and 
нез (447 cases) (222 cases) Lymphadenectomy 
(72 cases) 
Radium with/without Parametrial 3-Stage 1* 
Irradiation 197 Stage пд о о 
Stage пв 
2,000 rads Whole Pelvis Irradiation 
+Parametrial Irradiation+Radium 85 о 1-Stage ША* о 
4,000 rads Whole Pelvis Irradiation 
+Radium 129 о о о 
6,000 rads ог Моге Whole Pelvis Ir- 2-Stage ив 1-Stage шд 1-Stage Hip 
radiation+Radium 305 Stage m,4* 


——e——eeee— —___. 


* Position of the radium delivered a high dose to the bladder. 
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site of obstruction, producing abscesses or 
peritonitis. 

There were with 
changes which were managed without a 
surgical procedure. On later examination 
the markedly constricted area had widened 
considerably because of decreased edema 
or physiologic compensation (Fig. 1, 4-D). 

The most severe form of sigmoiditis does 
not exhibit the regular pattern described 


cases constrictive 


Р 
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above. It is a diffuse, acutely extensive 
reaction or necrosis of a segment of the 
sigmoid. The symptoms are those of an 
acute abdomen rather than the insidious 
symptoms of bleeding or abdominal cramps. 
Roentgenograms show a long segment of 
the sigmoid marked by gross irregularities 
(distorted by destruction of mucosal pat- 
terns) coupled with ulcerations and ir- 
regular narrowing. It is in this group'that 





Fic. т. Radiation sigmoiditis. Case S. S., Stage тв, treated in June, 1956, with 6,100 rads w hole pelvis ir 


radiation and 3,600 mgh of radium. Rectal bleeding developed in February, 195 


and reappeared inter- 


mittently until November, 1959. (4) The normal rectosigmoid prior to treatment. (B) February 20, 1957: 


the slight narrowing with intense edema of the mucosa, which is characteristic of acute radiation sig- 
moiditis, is evident. (C) November, 1958: marked fibrosis of the rectosigmoid has occurred without actual 
obstruction. (D) March, 1960: there is residual narrowing of the rectosigmoid with obliteration of the nor- 
mal mucosal pattern, but there has been some re-expansion as the inflammatory process subsided and the 
fecal stream dilated the bowel. The patient is now four and one-half years post-treatment without evidence 
of disease. 
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Fic. 2. Radiation sigmoiditis with perforation following local resection and primary anastomosis. Case M. W., 
Stage mq, treated in March, 1957 with 6,000 rads whole pelvis irradiation and 4,000 mgh of radium. 
Lymphadenectomy and left salpingo-oophorectomy for ovarian cyst were also performed. In January, 
1958 the patient developed bloody stools and obstruction. (4) Although the obstruction to the retrograde 
flow of barium is complete, there is no significant distention of the colon proximal to the point of narrow- 


ing. Twelve inches of sigmoid were resected. In February, 1958 a pelvic abscess developed and colostomy 


was required, In March, 1958 a small bowel obstruction occurred and laparotomy was performed with the 
removal of 4 feet of ileum. The patient expired in March, 1958. (B) The breakdown of the primary anasto 
mosis of the colon with abscess formation and cutaneous fistula is demonstrated. 


fistula formations between the small bowel, 
vagina or pelvic cavity are seen. Despite 
colostomy and disuse, continuous symp- 
toms of profuse rectal bleeding, discharge, 
and sepsis become prime management 
problems. In 2 patients, despite one resec- 
tion of the sigmoid (Fig. 2, 4 and В) and 
colostomy in the other, continuing necrosis 
resulted in death. 

Nearly 60 per cent of the cases of sig- 
moiditis in this study occurred within a 
period of six to twelve months following 
initial treatment. In instance, the 
patient who had had previous radium treat- 
ment for a benign condition developed 
symptoms during therapy. In 30 per cent 
sigmolditis occurred twelve to eighteen 
months after treatment. In 2 cases it was 
noted after two years. Practically all sig- 
moid complications can be expected to 


one 


occur within two years and only exception- 
ally after that time. 

A few instances of sigmoiditis had been 
noted in the presupervoltage series. In 1954 
and 1955 parametrial irradiation was still 
carried out with 250 kv. and some cases 
of sigmoiditis occurred in patients so 
treated (Tables vir and уп). Three of the 
resections were done bv a local surgeon and 
it is possible that there may have been 
some hastily performed procedures for a 
symptomatology which would have later 
subsided by itself. 

There is practically no sigmoiditis in the 
group receiving 4,000 rads whole pelvis 
irradiation; without added surgical pro- 
cedures, sigmoiditis will occasionally occur 
with 6,000 rads (Tables уп and 1x). Lym- 
phadenectomies are a contributing factor to 
the incidence of sigmoiditis, primarily 
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when done in patients receiving 6,000 rads 
or more whole pelvis irradiation (Table 1x). 

Twenty-two of the 32 cases of sigmoiditis 
(70 per cent) developed in patients treated 
in the years 1955 and 1956. Although the 
program of lymphadenectomies was carried 
out in the succeeding years, the severity 
and incidence of sigmoiditis had diminished. 
A few cases developed in patients treated 
in 1957 and 1958. 

The surgical interventions (11 cases in 
the total of 32 cases of sigmoiditis of all 
degrees of severity) were either colostomy 
or local resection of a segment of the sig- 
moid. 

The selection of colostomy or segmental 
resection depends on (1) the acuteness of 
the symptoms, (2) the extent of involve- 
ment, and (3) the degree of pelvic fibrosis 
and adhesions, necrosis, abscesses or fistu- 
lae. When such additional changes are 
present, a colostomy has to be performed. 
On occasion, a re-anastomosis with “or 
without a resection of the sigmoid has been 
done after the acute stage has subsided. 
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A segmental resection undoubtedly offers 
the patient rapid recovery without the 
annoyances of a colostomy. These resec- 
tions were curative and there was no re- 
currence of the symptoms. This is the pro- 
cedure usually followed when the patients 
develop discomforting changes rather late 


(Fig. 3, Æ and В). 


VESICO-, RECTO-, VESICORECTO-, OR 
URETEROVAGINAL FISTULAE 

In the presupervoltage series, 12 fistulae 
developed, 10 in Negro patients and 2 in 
White patients. Fistulae in Negro patients, 
with 1 exception, started with vault necro- 
sis which did not heal, whereas in the 2 
White patients they originated as rectal 
ulcers. 

In the supervoltage series, there are 12 
fistulae—8 in Negro patients and 4 in 
White patients. Six, or О per cent, of the 
fistulae cases were in Stage ru patients. 
Seven patients had had hysterectomy or 
exenteration and § had had lymphadenec- 
tomy. 


Taste VII 


INCIDENCE OF SIGMOIDITIS 


(September 1, 1954 to March 1, 1959) 
(741 Patients) 








Uncomplicated Cases 


Complicated Cases 




















З " 
Treatment ne of No Е Small Ea 
atients | Additional | ^ mp AC-| Fistula Bowel cut 
Surgery | &hectomy Necroses 
Radium Only 1 o o о 4.1 
Radium + Parametrial Irradiation 197 3 4* 2 о 
2,000 rads Whole Pelvis Irradiation 
+Radium 85 2 о о о 2.4 
4,000 rads Whole Pelvis Irradiation 
+Radium 129 I 1 o 1 2.3 
6,000 rads or More Whole Pelvis Irra- 
diation+ Radium 305 6 14 qer st 9.2 
* 2 cases with hysterectomy and lymphadenectomy. 
** With hysterectomy and lymphadenectomy. 
1 With Lymphadenectomy only. & 


(Cases noted ** and f are recorded here also for the purpose of estimating the incidence of sigmoid injuries) 
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Taste VIII 
BOWEL COMPLICATIONS FOLLOWING ORTHOVOLTAGE IRRADIATION AND RADIUM THERAPY 


(September 1, 1954 to March 1, 1959) 
(282 Patients) 




































































Recto-, Small Small 
Vesico-, Sigmoiditis Sigmoid- | Fistula Small e | Bowel 
Tre: No. of or itis and Bowel N ОМС | Necrosis 
reatmest Patients} Uretero-|———————— ——,| (surgery |Sigmoid- N cde - px and 
: A Necrosis} and : : 
vaginal | раду Moderate" eCessary)*| itis yp. | sigmoid 
Fistula | 277 л Fistula Necrosis 
No Added Surgery (193 Patients) 
Radium Only | | 17% | 
—— — ——— Ó—— 9H 138 | a 
Radium+250 kv. 
Parametrial Irra- 
diation 1 але 
2,000 rads+Ra- 
dium 55 1 1 
Lymphadenectomy (68 Patients) 
Radium Only 
eet!!! аб 
Radium+250 kv. 
Parametrial Irra- 
diation je 
2,000 rads+ Ra- 
dium 22 iH 





Hysterectomy or Exenteration plus Lymphadenectomy (21 Patients) 





Radium Only 





Dx ey {ы —— is Н ф не. на М ы мша Е 
Radium+250 kv. 

Parametrial Irra- 

diation 1 1 





2,000 rads+Ra- 
dium 8 1T 








* Resection of a segment of the sigmoid or a colostomy. 

** Patient had had previous radium therapy for a benign condition; colostomy was necessary. 

*** Resections of the sigmoid were performed by a local medical physician; т case had a lymphadenectomy. 

T A Stage 1 patient in whom the radium treatment was not completed because of perforation of the uterus; the patient had multiple 
postoperative troubles prior to the occurrence of a vesicovaginal and sigmoid vaginal fistula. 

Tf Patient had two separate operations, a lymphadenectomy and later a laparotomy for biopsy of a suspicious mass near the right 
pelvic wall; intestinal obstruction developed eight months following the last operation. 


Only 2 fistulae developed in the patients (including 1 ureterovaginal), 4 cases; and 
treated by 2,000 rads of conventional rectovaginal, 4 cases. 
therapy and both followed hysterectomy The time of appearance of this complica- 
(Table уш). tion varies, but it is usually within twelve 
The fistulae were distributed as follows: months. After hysterectomy, the majority 
rectovesicovaginal, 4 cases; vesicovaginal of complications appear within six to nine 


32 


months. Higher than average radiation 
doses in patients with advanced disease 
were found to be a contributory cause in 
many cases. In 4 cases the fistulae were 
found subsequent to a major surgical 
trauma or severe postoperative complica- 
tions. 

Death was attributed to the complication 
in 4 cases. There are $ patients living and 
free from disease from three to five years. 


SMALL BOWEL NECROSIS 


Necrosis of the small bowel is the most 
severe complication of radiation treatment 
of cancers of the uterine cervix and has 
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been reported very rarely following con- 
ventional radium and parametrial roent- 
gen irradiation. A thorough evaluation of 
each case has been made as the complica- 
tion occurred, in order to pinpoint con- 
tributing factors. 

The small bowel necroses appear approx- 
imately one vear following treatment, but 
may occur sooner and, rarely, as late as 
two years after treatment. Unless symp- 
toms from other complications are already 
present, they are evidenced by a sudden on- 
set of symptoms suggestive of acute in- 
testinal obstruction. Barium enema study 
is negative, indicating that the difficulty is 
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BOWEL COMPLICATIONS FOLLOWING WHOLE PELVIS SUPERVOLTAGE IRRADIATION AND RADIUM THERAPY 


(September 1, 1954 to March 1, 1955) 
(434 Patients) 


















































Recto-, ©; “iti Small Smal 
Ses} dIE 5 i е Р Sma 
Vesico-, igmoiditis | Sigmoid- | Fistula Small am | Bowel 
T No. of ог. [= itis and How LIN ec Necrosis 
тетен Patients | Uretero- (surgery |Sigmoid- N poe 1 КЛЫ апа 
vaginal | Early |Moderate|necessary)*| itis | esrosis Gets I Sigmoid 
Fistula Stull | Necrosis 
No added Surgery (251 Patients) 
4,000 rads** 73 if І 
6,000 rads ог 
more*** 158 1 >) 3 1 i 
Lymphadenectomy (154 Patients) 
,000 rads** 2 itty 1 I 
4 4 
6,000 rads or 
more*** 112 2 7 3 4 7H 1 
Hysterectomy or Exenteration plus Lymphadenectomy (49 Patients) 
4,000 rads** 14 1 1 ttt 
6,000 rads or 
more*** 1 iT 


35 2 


itt ttt 





* Resection of a segment of the sigmoid or a colostomy. 
** Total number patients 4,000 rads to whole pelvis, 129. 


*** Total number patients 6,000 rads or more to whole pelvis, 305. 
ў Previous multiple pelvic surgical procedures in one case and in the other case laparotomy for removal of radium needle (case not 


suitable for intracavitary radium therapy). 


+t 5 patients (all Stage тив, 3 having received 7,000 or 8,000 rads ro the whole pelvis and 1 having had an exenteration) have died 


from necrosis. 
ttt 3 patients have died from necrosis. 
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Fic. 3. Radiation sigmoiditis with satisfai tory surgical result. Case 1. C., Stage uta, treated in June, 1955 with 
9,360 mgh of radium and 4,000 rads parametrial cobalt 60 irradiation. Lymphadenectomy and hysterec- 


tomy were performed and no carcinoma was found, 


(4) June, 1956: the patient developed obstruction fol- 


lowing rectal bleeding. Resection for necrosis of the sigmoid was performed in July, 1956. (B) January, 


1959: the anastomosis is shown to be functioning satisfactorily. The patient is alive and well four and one- 


half years after therapy. The degree of sigmoidal fibrosis was so marked in this instance that surgical re- 


section was mandatory. 


in the small bowel. An exploratory laparot- 
omy is done following an initial attempt to 
relieve the obstruction by intubation, but 
delay in the surgical procedure may lead to 


perforation, thus increasing the danger of 


generalized peritonitis and mortality. 

Even when properly managed, the prog- 
nosis for patients with this complication is 
discouraging. Resection of a segment of the 
necrotic bowel is often followed by de- 
velopment of a subsequent obstruction, and 
the chances of recovery are small. 

There are minor injuries of the small 
bowel which are demonstrable on roentgen 
examination, such as ulceration of the ileal 
mucosa with symptoms of intermittent 
diarrhea, abdominal cramps and, occasion- 
ally, melena. These minor injuries usually 
have a favorable prognosis and subside 
without surgical intervention. 

When small bowel necrosis is complicated 
by fistula, the symptoms depend upon the 
point of communication of the fistula, 


whether with the sigmoid or other loops of 


ileum or the vagina, or directly into the 
pelvic cavity forming fecal abscesses which 


eventually may drain. The management of 
such cases is difficult and the prognosis is 
most grave. Usually, despite multiple 
surgical procedures, little can be achieved. 

Tables уш and 1x show that, with 2 
exceptions, the small bowel necroses oc- 
curred in the group of patients receiving 
6,000 rads or more whole pelvis irradiation, 
There were 2 cases of small bowel necrosis 
which developed in the group receiving less 
than 6,000 rads to the whole pelvis. One 
patient had been treated by conventional 
technique, followed by lymphadenectomy 
and later a laparotomy was done for 
biopsy of a suspicious mass near the right 
pelvic wall. Intestinal obstruction devel- 
oped subsequently. In the other case, in 
which small bowel obstruction developed 
after rads to the whole pelvis, a 
hysterectomy and lymphadenectomy had 
been carried out. 

In the group of patients having received 
6,000 rads or more to the whole pelvis, the 
addition of lymphadenectomy or, more 
often, hysterectomy plus lymphadenec- 
tomy increases the risk of small bowel 


OOO 
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necroses. The blood supply, already dimin- 
ished by irradiation, is further interfered 
with by the surgical procedure and pressure 
from lymphocysts. Postoperative adhesions 
increase edema and precipitate the acute 
onset. 

Sigmoiditis is often associated with small 
bowel injuries (Table уп; and Fig. 4, Z and 
D). 

VAULT NECROSIS 

[n the presupervoltage group, there were 
16 temporary self-healing vault necroses in 
340 White patients and 12 in 175 Negro 
patients, somewhat greater 
incidence in the Negro group. 

The vault appeared three 
months to a vear after the completion of 
treatment and were manifested by vaginal 
discharge with foul odor, low abdominal 
discomfort and pain in the suprapubic area, 
They healed with such conservative meas- 
ures as the application of varidase or 
zephiran and glycerine packing with vine- 
gar douches. 

In the supervoltage series the same rela- 


showing a 


necroses 
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tive incidence of vault necroses is seen 
(Table x). The necroses occurred more 
often in the early cases, essentially be- 
cause of local radium irradiation. There is 


no correlation with lymphadenectomies. If 


a hysterectomy and/or exenteration had 
been performed and a vault necrosis oc- 
curred, it was a complication of healing of 
the vault wound. 

The vault necroses in the supervoltage 
group associated with more severe compli- 
cations were more common in the Stage 
iif, and IIg cases than the uncomplicated 
ones, which indicates a more dittuse dam- 
age because of the large volume irradiated. 

EXCESSIVE PELVIC FIBROSIS WITH 
URETERAL STRICTURES 

High doses to the whole pelvis do not 
produce excessive pelvic fibrosis. In fact, 
it is our impression that the horseshoe 
fibrosis, except when lymphadenectomy has 
been performed, is less with whole pelvis 
irradiation using supervoltage than with 
the 400 kv. unit. 

The cases subjected to lymphadenectomy 


ic. 4. Radiation sigmoiditis and enteritis. Case L. S., Stage 1114, treated in May, 1958 with 6,000 rads whole 
pelvis irradiation plus 4,400 mgh of radium. A subsequent lymphadenectomy revealed no carcinoma. (4 
and В) August 25 and 28, 1959: severe radiation sigmoiditis and enteritis are present. Earlier (July, 1959) 


a small bowel obstruction, clinically present, was spontaneously relieved. A second obstruction occurred in 
August, 1959; in September, 1959 ileostomy and colostomy were required. In October, 1960 the patient 
had been alive three years. Note the acute edema in the sigmoid region which eventually progressed to 
fibrosis following colostomy. Also note the large segments of small bowel involved within the treatment 
field, with intermittent areas of edema and fibrosis. In addition to the changes in the bowel, bilateral 


lymphocysts were present. 


> 
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TABLE X 


DISTRIBUTION OF PATIENTS WITH VAULT NECROSIS 
BY STAGE OF DISEASE 
(September 1, 1954 to March 1, 1959) 
(741 Patients) 














Vault m 
Ninus lreatment 
Vault mith Dose 
Stage | Necrosis Other Total Higher 
Only Compli- Than 
cations Average 
1 b 4 10 3 
HA 6 i j7 2 
Up 9 2 1 І 
IA 7 1 10 4 
Uig 3 5 8 о 
IV I 2 | 3 [e] 
All 
Stages 32 17 49 10 





1. There is no difference in the racial distribution of patients 
with uncomplicated vault necrosis between the presupervoltage 
and supervoltage series. The incidence in the presupervoltage 
group was 5 per cent in White patients and 8 per cent in Negro 
patients; in the supervoltage group it was 4.1 per cent in White 
patients and 5 per cent in Negro patients. 

2. In both groups 9o per cent of the vault necroses appeared 
within twelve months following the treatment, with 7 per 
cent occurring between six to twelve months. As a rule they 
healed spontaneously. Fifty-three per cent healed within three 
months and all but 2 cases healed within twelve months. 


had lymphocysts of various degrees of 
severity and duration and this condition 
had produced temporary pressure on the 
ureters.’ 

Table x1 lists the ureteral strictures by 
degree of severity. There are as many in- 
stances of ureteral changes at the lower 
dose levels as at the 6,000 rads or more dose 
level. 

One can conclude that high dose whole 
pelvis irradiation (even with 6,000 rads), 
provided no surgical procedure is added, is 
not conducive to excessive fibrosis and 
ureteral complications. 


PELVIC BONE INJURY 


With the use of a four field technique 
including two lateral portals, the two 
femoral heads and necks are irradiated. The 
anterior and posterior portals include only 
a small part of the head itself and, because 
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of the sharp fall-off of dose, the remaining 
part of the head and femoral neck does not 
receive high doses. 

There have been 3 instances of minimal 
changes in the femoral head. In 2, 6,500 
rads had been given to the whole pelvis; in 
the third, treatment had been given with 
conventional radium and 3,000 rads to the 
parametria with 250 kv. followed by 
lymphadenectomy. 

Necrosis of the femoral head developed 
in I patient two years after treatment with 
conventional radium and 250 kv. radiation 
delivered to the parametria; it required re- 
section and a prosthesis. 

A healing fracture of the ascending ramus 
of the pubic bone was diagnosed inci- 
dentally three years after treatment on a 
routine pyelogram of a patient who had 


Taste XI 
URETERAL STRICTURES 
(September т, 1954 to March т, 1959) 
(741 Patients) 











g Number of 
Degree Treatment Patients 
Mild* Radium-+ Para- 1-Stage 114 
metrial Irradia- 
tion 
2,000 rads 2-Stage 1 and 114 
-- Radium 
4,000 rads 1-Stage lp 
6,000 rads 2-Stage utp (had 
lymphadenec- 
tomy) 
Moderate** | 2,000 rads 1-Stage HA 
+ Radium 
6,000 rads 1-Stage tty (had 
lymphadenec- 
tomy) 
Severe*** 4,000 rads 1-Stage 11g (had 
lymphadenec- 
tomy and hys- 
terectomy) T 
6,000 rads 2-Stage lip 





* Temporary stenosis relieved later either spontaneously or 
following simple dilatation. 

** Unilateral hydronephrosis due to stenosis. 

*** Complete loss of function of one kidney às a result of 
ureteral stricture. 

1 Also recorded in small bowel necroses. 


received radium and 3,000 rads to the 
parametria with 250 kv. 


ROENTGEN DIAGNOSIS 


The radiation changes in the lower gut, 
urinary tract and pelvic skeletal compo- 
nents are nonspecific and must be inter- 
preted in terms of the previous history. In 
general, the presence of one complication 
should lead to careful investigation of all 
organs within the treatment fields; com- 
plaints relative to one organ may mask 
concomitant injury to adjacent structures. 
It is also of importance to recognize that 
the degree of damage evident roentgeno- 
graphically usually is exceeded by that 
found at surgery or postmortem examina- 
tion. 

Proctitis and rectal ulcer. In the early 
phases of proctitis and rectal ulcer the 


roentgen diagnosis is dependent upon 
fluoroscopic and roentgenographic evi- 


dence of irritability and diminution in the 
caliber of the rectum. On rare occasions, a 
well-developed ulcer may be demonstrated, 
but generally the diagnosis is more reliably 
made by proctoscopic examination. In 
those instances in which the damage is 
severe, the end result of rectal fibrosis is 
roentgenologically manifested by narrow- 
ing and lack of distensibility of the rectal 
ampulla and/or adjacent sigmoid. 

Cystitis and bladder ulcer. In the compli- 
cations of cystitis and bladder ulcers no 
constant roentgen signs are elicitable. Oc- 
casionally, edema or spasm of the bladder 
will be evident by diminution of its capac- 
ity and an increase in thickness of the soft 
tissue shadow of the bladder wall; either 
may rarely be accompanied by stasis in 
the pelvic ureters. 

Sigmoiditis. Radiation-caused sigmoidi- 
tis is the most commonly demonstrated 
complication. It may vary in degree from 
slight edema of the mucosa to complete 
obstruction of the bowel lumen. In the 
acute stage, irritability, palpable tender- 
ness of the segment and a decrease in the 
caliber of the lumen is noted fluoroscop- 
ically. Spot roentgenograms demonstrate 
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intact but edematous mucosa. In the more 
severe cases complete obstruction to the 
retrograde flow of barium may occur, but 
this is not necessarily coupled with disten- 
tion of the proximal bowel. Recovery may 
be complete without surgical intervention. 
If fibrosis occurs, surgical resection may be 
required or eventually the segment of in- 
volved bowel may dilate sufficiently in re- 
sponse to the fecal stream to produce a 
relatively normal channel. Fistulae with 
adjacent organs are commonplace (Fig. $), 
but occasionally small tracts are present 
which may not be immediately evident. It 
is recommended that four to six hour post- 
evacuation roentgenograms be taken, since 
fistulae not otherwise detectable may thus 
be demonstrated. 

The basic process is essentially one of 
acute inflammation which must be dif- 
ferentiated from diverticulitis and 
mental colitis of other origin. 

Fistula. Fistulae between the rectum, 
bladder, vagina, and adjacent small in- 
testine or lymphocysts all have been demon- 
strated in this series. Such involvement may 
affect two or more structures. The fistulae 


seg- 





Fic. 5. Radiation Sigmoiditis with vaginal fistula. 
Case С. H., Stage itp, treated with the cobalt бо 
unit in August, 1955 with 4,000 rads whole pelvis 
irradiation plus 5,000 rads to the pelvic walls, and 
6,240 mgh of radium. Subsequent pelvic lymph- 
adenectomy disclosed no carcinoma, but marked 
reaction at the sigmoid was noted. In April, 1956, 
a sigmoidovaginal fistula developed. Amazingly, 
the patient was asymptomatic and in August, 
1956, succumbed to a heart attack while work- 
ing. 
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may be evident clinically when not demon- 
strable roentgenographically. A fistulous 
tract which may fill from one orifice will 
not necessarily fill from the other and, as 
previously noted, follow-up  roentgeno- 
grams are of value in demonstrating the 
smaller communication. 

Small bowel necrosis. The roentgen 
changes in small bowel necrosis are essen- 
tially those of any inflammatory process. 
In the early stages intense edema of the 
mucosa with interspaced areas of narrow- 
ing or bizarre configurations of the lumen 
are seen in long segments of the bowel. In 
the later stages, fibrotic areas are identi- 
fiable. Multiple fistulae between adjacent 
loops or other organs may develop. Not 
uncommonly, partial or complete intestinal 
obstruction will be present. Invariably the 
extent of the damage exceeds that demon- 
strated roentgenographically. Commonly, 
attempts at resection and anastomosis fail 
because of unrecognized devitalization. 

The diagnosis is best made by a small 
bowel study employing barium sulphate. 
However, in instances with complete or 
partial obstruction the water soluble con- 
trast media are preferable. 

Vault necrosis. Vault necrosis is essen- 


tially a clinical complication which is 
demonstrable roentgenographically only 
when a fistula develops. 

Excessive pelvic fibrosis with ureteral 


Stricture. From a roentgenographic stand- 
point, the diagnosis of excessive pelvic 
fibrosis with ureteral stricture must be 
made by exclusion. When a retrograde or 
intravenous pyelogram demonstrates а 
smooth conical obstruction of the pelvic 
ureter, the diagnosis must be determined 
differentially between obstruction by post- 
operative pelvic lymphocysts, recurrent 
tumor, or ureteral fibrosis. If all other 
potential causes can be excluded, the diag- 
nosis of ureteral fibrosis should be con- 
sidered and dilatation attempted. The es- 
sential roentgen finding is one of nonspecific 
ureteral obstruction (Fig. 6). 

Pelvic bone injury. Radionecrosis of bone 
is an uncommon sequela of supervoltage 


Whole Pelvis Irradiation 


C 
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Fic. 6. Postirradiation fibrosis of the ureter. Case 
E. A., Stage 14, treated in January, 1956 with 
2,000 rads whole pelvis irradiation and 3,300 rads 
parametrial irradiation plus 8,520 mgh radium, 
In June, 1958 a right hydronephrosis developed. 
Note that, although the point of maximum nar- 
rowing is in the region of the ureterovesical junc- 
tion, the right ureter is narrowed throughout its 
pelvic course. The ureter was dilated and the pa- 
tient is living and well four and one-half years 
after treatment. 


treatment, The condition is essentially one 
of aseptic necrosis and the roentgen ap- 
pearances are identical with those asceptic 
necroses caused by other factors (Fig. 7). 
The basic histologic picture is one of ob- 
literation and sclerosis of the blood vessels 
coupled with absorption of bone and in- 
crease in the size and fat content of the 
marrow spaces. Lack of new bone forma- 
tion is also a feature. Fractures are the usual 
pelvic manifestation of radiation damage 
and in the initial healing stage there is 
little to distinguish them from fractures of 
advancing age. However, resorption about 
the fracture margins eventually occurs with 


38 P. M. Chau, G. H. Fletcher, F. N. Rutledge and G. D. Dodd 


failure of new bone formation. In addition 
to the osteoclastic changes described, scle- 
rotic changes have been noted in the wings 
of the sacrum in a series of patients who 
have received supervoltage therapy (Fig. 
8). These sclerotic changes may develop 
several years after treatment and consist 
essentially of marked thickening of the 
individual sacral trabeculae. The changes 
parallel the fields of treatment, but no 


Fic. 7. Radiation necrosis of the right femoral head. 


Case C. K., Stage rig, treated with 6,500 rads 
whole pelvis irradiation and radium. Subsequent 
lymphadenectomy yielded negative lymph nodes. 
Hysterectomy was performed for recurrence in 
the cervix. On December 28, 1960 marked nar- 
rowing of the right femoropelvic articulation was 
deomonstrated coupled with early fragmentation 
of the femoral articular surface. The joint and 
opposing surface had been normal prior to therapy. 
In addition the patient developed a right lympho- 
cyst and radiation rectosigmoiditis and ileitis. A 
fistula eventually formed between the cecum, the 
right lymphocyst, the vagina, the sigmoid and 
bladder. The patient died of inanition two years 
after treatment without evidence of tumor. 
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Fic. 8. Radiation injury of bone. Case F. M., Stage 1, 

treated in February, 1955 with 
> rads of parametrial irradiation 
delivered by the 250 kv. unit. In April, 1956 the 
patient developed rectal bleeding but had a nega 
tive barium enema study. Rectal bleeding recurred 


8,700 mgh of 
radium and 3,9 


in August, 1956, then in May, 1960 a bowel resec- 
tion for sigmoiditis was performed elsewhere. In 
January, 1958 at this institution a radiation 
fracture at the junction of the right ischium and 


pubis was demonstrated (arrow) as well as 


moderate sclerosis of the sacrum, a finding ap- 
parently attributable to irradiation. As of June, 
1960 the patient was alive and well five years 
after treatment, without evidence of disease. 


determination of the underlying mecha- 
nism has been made as of this date. 


DISCUSSION 


The relative incidence of the classic 
complications in our presupervoltage and 
supervoltage series are tabulated in Table 
xu. The presupervoltage series are sub- 
divided into two groups, the division oc- 
curring with the initiation of elaborate 
dosimetric procedures in 1952, which re- 
sulted in a significant diminution in some 
of the complications." 

It can be seen that the incidence of 
minor rectal or bladder complications or 
fistulae is similar in both the presuper- 
voltage and supervoltage groups with the 
exception of the lasting dysurias, which 
seem to be slightly more common in the 
supervoltage series. However, the same 
criteria of severity may not have been ap- 
plied in the two series. Surgical procedures 
may be a contributing factor. 
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RELATIVE INCIDENCE OF CLASSIC COMPLICATIONS IN THE THREE SERIES ANALYZED 





Presupervoltage Series 1 


Presupervoltage Series 11* 





Supervoltage Series 
























































1948-1952 1952-1954 1954-March т, 1959 
(257 Patients) (258 Patients) (741 Patients) 
"n White White White 
Complications and and and 
Latin [Negro] ,.. Latin | Negro Latin |Negro 
Ameri-| 92 Total | Ameri- 83 Total | Ameri-| 202 Total 
can can can 
165 175 539 
Rectum 
Proctitis 5 I 6 (2.390) 2 o 2 (0.8%) 4 2 6 (0.8%) 
Rectal Ulcer 3 b 9 (3.59%) о о que 1** | 4 (0.6%) 
Rectosigmoiditis І 2 3 (1.2%) 2 о 2 (0.89) | 267 h 32 (4.3%) 
Bladder 
Severe Dysuria 2 о 2 (0.8%) 1 о 1 (0.4%) 8 à 10 (1.4%) 
Bladder Ulcer 2 2 | 4 (1.6%) 3 i 4(1.6%) h 2 8 (1:1%) 
Fistulae 
Vesicovaginal o 2 2 (0.8%) о 2 2 (0.8%) 1 311 | 4** (0.5%) 
Ureterovaginal o I (0.4%) o о o o 
Both rectovaginal 
and vesicovaginal o о | o 2 | 2(0.8%) u i 4 (o. 596) 
Rectovaginal [ 4 | $ (2.0%) | о | o | git | 4ff(o.s%) 
All Fistulae Presupervoltage Series 1 and 1—12 (2.0%) 2 (0.7%) in 340 White Patients 


Supervoltage Series 


* [n Series п, elaborate dosimetric procedures were carried out! 
** Received 6,000 rads or more. 


T This group consisted of only the uncomplicated cases without other more severe complications; 


with 4,000 to 6,000 rads, the majority with the latter dosage. 


175 Negro Patients 
539 White Patients 
202 Negro Patients 


то (5.0%) in 
4 (0.7%) in 
8 (4.0%) in 


—12 (1.6%) 


33 


of the total cases were treated 


tt Including t case of ureterovaginal fistula; 2 cases had hysterectomy and 1 had lymphadenectomy, 
1 Two cases had hysterectomy, 1 had lymphadenectomy and 1 had postirradiation laparotomy. (One case has also been listed with 


the small bowel necroses.) 


tł Two cases had hysterectomy, 1 of which had 8,202 rads. Two cases had lymphadenectomy, 1 of which had repair of anal sphincter 


before onset of fistula. 


The Negro patients are more prone to 
fistula formation. In the supervoltage series 
a significant number of patients who de- 
veloped fistulae had surgical procedures. 
This also had been noted to some extent 
in the presupervoltage series. 

The 4,000 rads whole pelvis irradiation 
followed by radium therapy, as described 
in a previous paper, is a safe technique 
even if lymphadenectomy and/or hyster- 
ectomy are added.? 

Rectosigmoiditis is a complication which 
is to be expected with 6,000 rads or more 


whole pelvis irradiation without added 
surgical procedure (6 of 158 cases). 

If 6,000 rads or more are delivered to 
the whole pelvis with some radium added, 
the performance of surgical procedures 
must be most carefully considered, as the 
incidence of severe complications increases. 
In the cases with lymphadenectomy, un- 
complicated sigmoiditis occurred in ap- 
proximately 13 per cent (14 of 112 patients) 
and small bowel necroses in 7 per cent (8 
of 112 patients). 

Small bowel necroses, sigmoiditis and 
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fistulae occurred in 21.5 per cent (24 of 112 
patients) of the patients with lymphade- 
nectomy and also in about 23 per cent (8 of 
35 patients) of the group which had hyster- 
ectomy or exenteration with lymphadenec- 
tomy. Without any obvious change in the 
irradiation or surgical techniques, the 
complications in the patients who had 
surgical procedures were less in the years 
1957, 1958, and 1959. 

Irradiation with 7,000 and 8,000 rads 
is justified in the advanced cases as the 
incidence of severe complications is low. 

In patients having recurrent disease, 
hysterectomy or exenteration can be con- 
sidered if there is a possibility of control of 
the disease. Eight thousand rads given to 
the whole pelvis in eight to nine weeks may 
be regarded as the maximum safe radical 
therapy. Since a number of patients were 
lost because of complications, the benefits 
derived from radical therapy techniques 
in the advanced cases are overshadowed. 


CONCLUSION 


Various types and degrees of severity of 
complications in the bladder, bowels, bones, 
and ureters have been correlated with con- 
ventional techniques of radium and ex- 
ternal irradiation in the early cases of 
squamous cell carcinoma of the uterine 
cervix and two major steps of whole pelvis 
high dose irradiation with 4,000 and 6,000 
rads or more in the advanced cases. 

Concomitant with this experimental 
radiotherapeutic program, lymphadenec- 
tomy was carried out systematically and an 
attempt was made to eradicate residual or 
recurrent disease by radical surgery. 

If one delivers 4,000 rads to the whole 
pelvis, followed with approximately 5,500 
to 6,500 mgh of radium, there is a low inci- 
dence of any type of complication and 
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radical surgical procedures can be per- 
formed safely. 

Six thousand rads whole pelvis irradia- 
tion and, occasionally, for the very ad- 
vanced cases, 7,000 or 8,000 rads can also 
be used, but surgical procedures can be 
contemplated only if there is evident resid- 
ual or recurrent cancer. Additional elec- 
tive procedures are not justified as the inci- 
dence of severe complications amounts to 
approximately 20 per cent in patients sub- 
mitted to radical irradiation and radical 
surgery. 

As expected, there are no skin complica- 
tions of even minor degree. 


Paul M. Chau, M.D. 

The University of Texas 

M. D. Anderson Hospital and Tumor Institute 

Houston 25, Texas 
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PYELOGRAPHIC ANALYSIS OF RADIATION THERAPY 
IN CARCINOMA OF THE CERVIX* 


By ROBERT K. RHAMY, M.D., and RICHARD W. STANDER, M.D. 


INDIANAPOLIS, INDIANA 


ROM January 1, 1948 through Decem- 

ber 31, 1959, excretory urograms were 
obtained in 305 patients with carcinoma of 
the cervix prior to the initiation of radia- 
tion therapy. Of these patients, 43 were 
found to have abnormal pyelograms sec- 
ondary to obstruction. In these patients, 
the obstruction must be assumed to have 
been caused by extension of the cervical 
neoplasm. Of the entire group of patients, 
14.1 per cent had abnormal pretreatment 
pyelograms as opposed to 1.4 per cent with 
unilateral and о.б per cent with bilateral 
involvement in a noncarcinomatous group 
studied at autopsy." 


INCIDENCE AND SIGNIFICANCE OF 
ABNORMAL PYELOGRAPHIC FINDINGS 


The incidence of the abnormal pretreat- 
ment pyelograms is listed in Table т. These 
figures are somewhat lower than reported 
by several other series, but closely cor- 
relate with those of Pomeroy. 

The frequency of abnormal pyelographic 
findings is as one would expect, since the 
predilection of carcinoma of the cervix to 
involve the ureters and bladder is well 
known clinically. These figures reflect the 
pathogenesis of this neoplasm. Table и 
shows the distribution of the obstruction 
in the 43 patients. The neoplasm shows no 
predilection for one side over the other, but 
tends to spread diffusely along the base of 
the bladder and lower ureter by both direct 
infiltration and lymphatic extension. 

The prognostic significance of patients 
who received radiation therapy for cervical 
carcinoma with abnormal pretreatment 
pyelograms and those with normal pre- 
treatment studies is revealed by the statis- 
tics in Table ш. Of those patients with 
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ABNORMAL PYELOGRAMS 


No. with 





Per Cent with 





& Хо. 

Stage Pat d Abnormal Abnormal 
SHENS  Pyelograms — Pyelograms 

I 73 3 41 

П 122 8 6.6 

HI 78 13 16.7 

IV 32 19 59.4 

Total 305 43 14.1 





abnormal pretreatment pyelograms, only 
40 per cent lived one year following treat- 
ment as compared to 80.6 per cent of those 
with normal pretreatment pyelograms, 
Within each stage of carcinoma of the 
uterine cervix, the abnormal findings on 
pretreatment pyelograms diminish the 
chance of the patient surviving one year by 
approximately 50 per cent. 

Despite the high incidence of death sec- 
ondary to renal failure in patients with 
carcinoma of the cervix reported by many 
authors,?*8!!8 no deaths from renal fail- 
ure occurred during treatment in our 43 
patients showing ureteral obstruction on 
pretreatment pyelograms. 

The therapy employed in these patients 
was that of a modified Manchester tech- 
nique: two standard radium applications 
and external irradiation with delivery of 
approximately 7,000-10,000 г to Point A, 
and 5,000-6,000 r to Point B. Despite this 
dosage of radiation, only one patient dem- 
onstrated permanent improvement on the 
pyelogram following treatment. This patient 
had a Stage i tumor with a Grade ri 
hydronephrosis on the right prior to radia- 
tion therapy. Twelve months following 


* From the Departments of Urology and Obstetrics and Gynecology, Indiana University Medical Center. 
Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 10-14, 1951. 


41 





42 
Taste II 
DISTRIBUTION OF OBSTRUCTION 
Stage Right Left Bilateral 
I 2 o I 
Il 3 4 I 
П 4 5 1 
IV ГА vi 6 
Total 15 19 9 


therapy, the pyelograms were normal bi- 
laterally and eight years later the patient 
was alive and well. One wonders if the 
obstructions were not the result of para- 
metritis so often present® and not the 
malignaney. Three additional patients 
demonstrated a temporary decrease in the 
degree of obstruction two to fourteen 
months following radiation therapy but 
eventually succumbed to their disease. 

Fifty-two patients demonstrated roent- 
genographic evidence of ureteral obstruc- 
tion following therapy and of these 49 or 
94.2 per cent ultimately proved to have 
persistent neoplasm in the pelvis or distant 
metastasis. Three patients (who received 
treatment here) were found to have ob- 
struction, but no demonstrable neoplasm. 
At surgical exploration these patients were 
found to have ureteral stricture secondary 
to radiation fibrosis. 

The average time of onset of the fibrosis 
following radiation therapy in our patients 
was thirty-seven months, ranging from 
twenty-eight to fifty-two months. Con- 
trasted with this is the group which de- 
veloped obstruction follownig therapy and 
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in which tumor was found (Table iv). 
These patients showed obstructive changes 
an average of 12.2 months after therapy 
with a range of o-48 months. Radiation 
strictures of the ureter appeared much later 
than recurrent tumor, 

The incidence of ureteral stricture sec- 
ondary to irradiation is unknown, but in 
our series it represents about I per cent of 
all patients treated for carcinoma of the 
cervix and 5.8 per cent of those patients 
showing abnormal pyelograms following 
treatment. This compares closely with 
Sérenson's'^ fiindings in a controlled popu- 
lation in Sweden. Since these patients have 
not been aggressively searched for, the 
figures are minimal. 

We perform pretreatment and posttreat- 
ment pyelography routinely. When evi- 
dence of obstruction is demonstrated, a 
pelvic examination and biopsies from the 
cervix and parametrial tissues are done. A 
roentgenogram of the chest is made and 
cystoscopy, as well as sigmoidoscopy and a 
barium enema examination are performed. 
If no tumor is found, then exploratory 
laparotomy is carried out. 

The lesion is one of fibrosis, most com- 
monly 4-6 cm. from the ureteral orifice at 
a point where the ureter traverses the 
broad ligament? *!?!7 although, in one 
case the lesion was 15 cm. from the ureteral 
orifice in the region of the pelvic brim. 
Whether the lesion is the direct result of 
radiation injury to the ureteral wall, fibro- 
sis secondary to the associated parametritis, 
replacement of necrotic tumor by fibrous 
tissue or a combination of factors is un- 


Taste III 


STATISTICS SHOWING PROGNOSTIC SIGNIFICANCE 





Normal Intravenous Pyelograms 


Abnormal Intravereous Pyelograms 


Stage ——— — – —— Per Cent - Per Cent 
No. No. Alive 1 Yr. No. No. Alive 1 Yr. 
П 105 91 86.6 8 5 $5.5 
uu 65 49 75.4 13 5 38.5 
IV 11 6 54.5 19 6 31.6 
Total 181 14h 80.4 40 16 40 
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UPPER URINARY TRACT OBSTRUCTION DEVELOPING 
AFTER RADIATION THERAPY FOR CARCINOMA 
OF THE CERVIX 











< | No. of Range | Average 
vape Patients (mo.) (mo.) 
I | 1 0-43 21.0 
П 34 21-48 16.9 
IH 24 o- 48 11.6 

| 

| Av. 12.2 

IV [ 3 months after therapy 


known. The patients in our series, however, 
were free of tumor and cured of their 
disease. 


TREATMENT 


Three types of therapy have been sug- 
gested. We feel that nephrectomy should 
not be performed since conservation of 
renal tissue is of paramount importance. 
Nephrostomy temporizes, but does not 
restore continuity of the urinary tract. 
Some authors have advocated the use of 
ureteral dilatations of the stenotic area." 
Our experience is similar to that of Valk," 
who states that in no cases was he able to 
cause regression of the hydronephrosis. In 
all of our cases, the continuity of the 
urinary system was maintained by uretero- 
neocystostomy," with relief of the obstruc- 
tion and preservation of the renal tissue. 


CONCLUSION 


In the light of our findings, it seems ap- 
parent that radiation therapy alone is in- 
adequate for treating those patients with 
carcinoma of the cervix who show abnormal 
pretreatment pyelograms. The question of 
increasing the dosage has been raised but 
this seems hazardous unless new tech- 
niques are developed. The role of surgery 
and radiation combinations is now being 
re-evaluated. 


Robert K. Rhamy, M.D. 
Indiana University Medical Center 
Indianapolis, Indiana 
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THE USE OF A DIAMOND SHAPED FIELD IN IRRA- 
DIATION OF PELVIC ORGANS, PARTICULARLY IN 
CARCINOMA OF THE CERVIX UTERI* 


By CHARLES BOTSTEIN, M.D., К. J. SCHULZ, M.S., and NORMAN SIMON, M.D. 


NEW YORK, NEW YORK 


N HIS paper presented at the Annual 

Meeting of the American Radium Soci- 
ety in 1956, Twombly‘ demonstrated the 
location of the most frequently involved 
lymph nodes, in cancer of the cervix, in 
relation to the bony pelvis and external 
body landmarks, such as the inguinal folds 
and the umbilicus. These are shown in 
Figure 1 reproduced with his permission, 
where the position of the obturator lymph 
nodes, high in the pelvis above the acetabu- 
lum, should be especially noted. Conditions 
in individual patients will vary consider- 
ably depending on the extent of the disease 
and the anatomic variations in the form 
and tilt of the pelvis. Dr. Twombly’s con- 
tention that radiotherapists routinely posi- 
tion pelvic fields too low would appear to 
be justified. 

The increased use of supervoltage equip- 
ment for irradiation of the pelvis has made 
multiple port therapy less common and has 
established the 1 5X 15 cm. opposing frontal 
fields as the most suitable radiation ports. 
External irradiation is given through either 
an open field or, when in combination with 
intracavitary radium application, through 
a field divider designed so as to cast a 
shadow § cm. wide at the level of the uterus 
and extending 10 cm. cephalad from the 
lower margin of the field. This shielded area 
covers the vagina and the lower uterine 
segment which have been heavily irradiated 
by the intravaginal and intrauterine ra- 
dium. The resulting field has the shape of 
an inverted U. 

[n those patients who have not received 
intracavitary radium, the upper half of the 
vagina should be included in the treatment 
field. To accomplish this, inguinal areas as 


* From the Radiation Therapy Department, Montefiore Hos 
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Fic. т. Location of various structures in the pelvis. 
The diagonal lead wires lie in the groins over 
Poupart's ligaments. The vertical wire is in the 
uterine canal, its lower end exactly at the external 
os. The circle surrounds the umbilicus. The silver 
clip to the right of it hes just below the bifurcation 
of the aorta. The single clips over each sacroiliac 


joint are in the bifurcations of the common iliac 
arteries. The clips on the patient’s right, in the 
shape of a cross, lie in the center of the obturator 
fossa at the location of the “obturator lymph 
nodes." (Reproduced with permission.!) 


well as the acetabulum, medial portions of 
the femoral heads, and segments of the 
inner aspect of the thighs are irradiated. In 
addition, segments of intestine and some- 
times even the lower poles of the kidneys 
are included in the upper corners of such a 
field. In cases where there is evidence of 
upward extension of the cancer, enlarging 
the field increases the irradiated volume 
and limits the total dose. The application of 
a circular field considerable 
reduction of the irradiated volume, but the 


results in a 
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majority of supervoltage machines are 
equipped with collimators that give only 
rectangular fields. Field shaping devices 
could be used, but these are usually cum- 
bersome, heavy and difficult to apply. 


DIAMOND SHAPED FIELD 


It was observed that if the convention- 
ally positioned treatment field was rotated 
45° about the beam axis, a 35 per cent 
reduction in field size (from 15X15 cm. 
to 12X12 cm.) could be achieved without 
omission of any critical sites from the treat- 
ment field and with a considerable reduc- 
tion in dose to outlying, uninvolved struc- 
tures. 

As a result of the reduction in field size, 
there is a corresponding reduction in inte- 
gral dose. Although the transverse diameter 
of a 12X12 cm. field is 17 cm., the effective 
length and width of a diamond shaped 
field is not appreciably different from those 
of the conventionally placed 15X15 cm. 
field because of the more rapid fall-off 
of intensity at the corners of the field as 
compared to the sides. Figure 2, Æ and В 
shows the external placement of the dia- 
mond shaped field and an alignment radio- 


A 
К 
Fic. 2. (4) External placement of the diamond shaped field and (В) localization radiograph made under 


treatment conditions. The field divider was placed to correspond with the position of the radium tandem 
in the uterus, 
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graph made with the AECL Eldorado co- 
balt 60 teletherapy unit. 


DOSE DISTRIBUTION 


In order to assure that a sufficient dose is 
delivered to all regions enclosed by the 
treatment field, as shown by the alignment 
radiograph, the dose distribution was 
measured in a plane perpendicular to the 
axis of the beam and at a depth of to cm. 
within a pressdwood phantom. The field 
size on the surface of the phantom, as 
indicated by the light beam, is 12X 12 cm. 
at 8o cm. skin source distance. At 10 cm. 
depth, the geometric edge of the beam is 
13.5 13.5 ст. The field divider consists of 
a lead block 3.5 ст. wide and 5 ст. thick. 
This is supported upon a lucite tray 7o 
cm. from the source. The field size, as 
defined by the light beam localizer of the 
AECL Eldorado unit, corresponds to the 
20 per cent isodose curve of the gamma- 
ray beam. 

An automatic field mapping device? 
utilizing an anthracene crystal detector 5 
mm. in diameter measured the dose dis- 
tributions with and without a cervical- 
vaginal shield. These are shown in Figure 3, 
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Mic. 3. Dose distributions at a depth of то em. for a 12X12 cm. field at Зо cm. skin source distance. (4) 
The distribution with a dose of 6,000 г to point B. (B) The distribution with a cervical-vaginal shield 


and a dose of 4,000 r to point B. 


A and B superimposed upon those portions 
of the anatomy enclosed by these fields. 
The isodose curves are related to doses to 
point B of 6,000 r for the full diamond 
shaped field and 4,000 r for the diamond 
shaped field modified by the dividing lead 
shield. By way of comparison, the dose 
distribution at a depth of то ст. for the 
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(с. 4. The dose distribution for the conventionally 
placed 15X15 cm. field for a dose of 6,000 г to 
point В, 


conventional 15X15 cm. field is shown in 
Figure 4. 

Of primary importance is the dose dis- 
tribution which results from combined 
radium and telecobalt therapy. Following 
the procedure outlined by Silverstone, 
Harris and Greenberg,” doses of 6,400 г to 
point A and 2,000 r to point B are delivered 


Fic. 5. The dose distribution when point A receives 
4,000 r from the tandem and 2,400 r from the 
colpostat. 
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Vic. 6. Doses delivered to various points by the 
combined radium system and telecobalt therapy, 
using the split diamond shaped field. 


by a radium applicator consisting of a tan- 
dem loaded with 10-15-15 mg. and a colpo- 
stat containing two 25 mg. tubes. These 
are inserted separately with a two to three 
day interval between the first and second 
insertions. The dose distribution obtained 
from the radium application is shown in 
Figure 5. Doses to several points in the 
vicinity of the uterus which result from the 
combination of radium and the split dia- 
mond shaped field are shown in Figure 6. 
Friedell and Parsons! have reported that 
uterine cancer almost always spreads to the 
paracervical and paravaginal tissues. As 
regards these regions, the dose distribution 
using the diamond shaped field is essentially 
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the same as that obtained with the conven- 
tional field. 


SUMMARY 


The use of a diamond shaped field for 
pelvic irradiation results in essentially the 
same dose distribution within the pelvis as 
that obtained with conventionally posi- 
tioned rectangular fields. Because the bor- 
der of the diamond shaped field aligns very 
closely with the inner surface of the pelvis, 
the conventional 15X15 cm. field can be 
reduced to a 12X12 cm. diamond shaped 
field. The advantages to be gained are a 
35 per cent reduction in integral dose and 
the omission of uninvolved structures from 
the treatment field. 


Charles Botstein, M.D. 

Radiation Therapy Department 
Montefiore Hospital 

iroth Street & Bainbridge Avenue 
New York 67, New York 
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‚АМ RADIOSENSITIVITY AND HISTOPATHOLOGY 
OF CERVICAL CANCER BE CORRELATED?* 


By ARTHUR T. HERTIG, M.D., and HAZEL GORE, M.B. B.S. 


BOSTON, MASSACHUSETTS 


ARCINOMA of the cervix uteri in the 
United States is most usually treated 


with radiation therapy. The distribution of 


the forms of treatment in the patients re- 
ported to the Tumor Registry operated by 


the Connecticut State Department of 


Health are given in Table 1.* These indicate 
that in recent years 66.4 per cent have been 
treated by radiation alone, 11.9 per cent by 
radiation plus surgery and 16.7 per cent by 
surgery alone. 

Among patients treated radiologically at 
Memorial Hospital, New York?" in the 
period 1934-1941 inclusive, there did not 
seem to be any consistent improvement in 
the results of the management of carcinoma 
of the cervix during these vears. Further- 
more, Munnell and Brunschwig” state that 
à perusal of reports from widely scattered 
centers elsewhere in the country leads to a 
similar impression. From this it seems that 
the question should be raised whether the 
exclusive treatment of cancer of the cervix 


Taste I 
PERCENTAGE DISTRIBUTION BY TREATMENT 
DURING THE FIRST COURSE OF THERAPY 
REPORTED BY THE TUMOR REGISTRY’ 





All Stages 





Type of Treatment 








1935—1944 — 1945-1954 
Total No. of Cases 1,628 2,094 
Percentage Distribution 
Гоха! 100.0 100.0 
Surgery 6.8 16.7 
Radiation 78.2 66.4 
Surgery plus Radiation 8.3 11.9 
Other Treatment 0.7 O.I 
No Treatment 6.0 4 


* From the Department of Pathology, Harvard Medical School and the Laboratory of Pathology, 


by radiotherapeutic methods should be 
continued or whether this should be com- 
bined with some other form of therapy, or 
in some instances be completely replaced 
by surgical therapy. In the earlier vears of 
this century, radical hysterectomy was 
accompanied by a very high mortality rate 
and this discouraged surgical attempts in 
the field. The results obtained by Meigs,” 
however, indicate that modern surgical 
techniques do not result in significant mor- 
tality of themselves. The problem then is to 
decide which cases should be treated radio- 
logically and which surgically. “The pos- 
sibility remains that surgery and radiation 
might best serve the patient as complemen- 
tary rather than competitive forms of 
treatment.” 

The concept of radiosensitive and radio- 
resistant cancer has developed. Kottmeier? 
doubts the existence of a radioresistant 
cancer in the cervix and rather than basing 
response on radiosensitivity he bases it on 
varying degrees of malignancy of varying 
cancers. Although Glucksmann and Way" 
have not come to this conclusion from their 
study, Kottmeier? believes that their 
studies agree with his opinion. Warren? 
states that radiosensitivity is relative and 
he divides radiation response into: radio- 
sensitive tumors which regress strikingly or 
disappear with 2,500 r or less but without 
damage to the normal tissue; radiorespon- 
sive with regression following 2,500 to 
с,ооо r and with the normal tissue showing 
definite reaction but usually recovering 
after cessation of therapy; and radioresis- 
tant in which more than 5,000 г is necessary 
for response and damage to the normal 
tissue may equal or exceed that of the 


Free Hospital for Women. 
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Part of Panel Discussion: Radiosensitiviry and radiocurability as judged by microscopic techniques. 
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tumor. He considers that in general cervical 
carcinoma falls into the radioresponsive 
group. It must at this point be stressed that 
radiosensitivity and radiocurability are not 
synonymous. Furthermore, radiosensitivity 
is not a permanent unchanging feature. As 
a result, on a variation in radiosensitivity in 
the same tumor at various times or in the 
same tumor at different sites have been 
based some of the postulated factors im- 
portant in radiation response in tumors. 
Healing of the primary lesion after ir- 
radiation is considered to indicate radio- 
sensitivity." Failure of the lesion to di- 
minish in size may be taken as poor response 
to radiation or as radioresistance. On the 
other hand, shrinkage of the tumor, its 
apparent disappearance or its replacement 
by necrotic material would all be suggestive 
of radiosensitivity, but not necessarily be 
so. For this reason microscopic examination 
of the tissue is important. The area sug- 
gested for biopsy is the growing edge of the 
tumor. This may be difficult to find and 
indeed some consider that any form of serial 
biopsy of the cervix is contraindicated 
since this may interfere with healing. 
Radiocurability while presumably in 
some way related to radiosensitivity is a 
different matter, and it does not follow that 
a radiosensitive tumor will necessarily be 
radiocurable! This may be determined only 
after a given period of time, usually five 
years, sometimes"?! 


without evidence of 
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absolute radiocurability is difficult to eftab- 
lish. The inadequacy of a five year survival 
rate as an index of cure was illustrated by 
Cutler and associates, who found that the 
relative survival rate from the fifth to the 
fifteenth year was only 76 per cent of the 
expected rate. 

It is fairly generally agreed that no 
prognostication may be made from an 
initial biopsy as to whether the tumor will 
be radiosensitive or radioresistant. It has 
been postulated that well differentiated 
tumors respond less satisfactorily to radia- 
tion therapy. This is not generally accepted 
and most authors"? were unable to corre- 
late histologic grade with survival. On the 
other hand Warren and associates? tended 
to link results to some extent with the his- 
tologic grade. From their figures there is 
suggestive evidence that patients with 
Grade п squamous cell carcinoma have а 
somewhat better prognosis than those with 
Grade nr squamous cell carcinoma. In 
both of these groups, however, the figures 
are extremely small and probably not 
statistically significant. Novak?" observed 
that 10 of 12 cases considered to be defi- 
nitely radioresistant were welldifferentiated. 

On the other hand in the group reported 
by Glucksmann," the correlation between 
tumor type and cure rate suggests that 
histologic grading before treatment may 
have prognostic significance (Table 11). 
The tumors are classified as differentiated 

















tumor, Even under these circumstances. (D) and anaplastic (A) squamous cell 
ТАвЕ II 
HISTOLOGIC TYPE OF CERVICAL CARCINOMAS AND "CURE" ny RADIUM TREATMENT 
REPORTED BY GLUCKSMANN" 
D A C M 
Differentiated Anaplastic Adenocarcinoma Mixed 
Stage - 
No. of Per Cent No. of Per Cent No. of Per Cent No. of Per Cent 
Cases Cured Cases Cured Cases Cured Cases Cured 
I-IV 130 49 485 17 22 9 72 3 
I 57 79 102 33 5 (40) 19 5 
П 57 28 32 19 14 o 32 3 
I and II 114 $3 334 23 19 10 51 4 
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carcnomas, adenocarcinomas (C) and 
mixed carcinomas containing both colum- 
nar and squamous strains. Since he con- 
siders that the anaplastic tumors are more 
likely to have spread, this may be corre- 
lated with clinical stage rather than purely 
histologic grade. 

Interesting studies have been made with 
tissue cultures of single mammalian cells. 
Puck and Marcus,” using a preparation in 
which were suspended single He La cells 
derived from human cervical carcinoma, by 
a plating technique were able to develop 
100 per cent growth of microscopic colonies 
in control specimens without irradiation. 
They found that irradiation killed the cells 
with the extent of damage depending on the 
dose. With irradiation there were fewer 
colonies and these colonies were smaller 
than those usually formed. The problems 
of assessment were complicated by slow 
growing survivors and some cells which, 
although lethally damaged, may multiply 
five or six generations and then terminate 
their reproduction. It was necessary, there- 
fore, to distinguish between abortive colo- 
nies which were usually distinguished by a 
preponderance of giant cells and the slow 
growing survivors. Inactivated cells occa- 
sionally underwent the limited division 
forming microcolonies, sometimes remained 
as single cells often with the development of 
a giant cell and sometimes disappeared. 
The giant cells are interesting in that they 
metabolize at a higher rate, change the pH 
of a standard growth medium at a rate 
roughly comparable to that of an equal 
mass of actively dividing cells and could be 
maintained metabolically active for long 
periods of time if the medium were regu- 
larly replaced. Nevertheless, they had lost 
their ability to multiply. With higher doses 
there was damage to the reproductive ap- 
paratus and it was considered that the 
lethal effect was mostly in the genetic 
apparatus, a radiation induced genetic 
effect which was probably not a simple 
single gene inactivation and in which the 
locus of action could be chromosomal. With 
very high doses the cells disappeared and 
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the vield of giant cells dropped. The pos- 
sibility of deciding by tissue culture be- 
tween radiosensitive and radioresistant 
cervical carcinomas for choice of therapy 
has been investigated by Miller and associ- 
ates” but this has been more or less on an 
experimental basis. 

It has been observed that when an ex- 
perienced examiner suggests that there has 
been recurrent carcinoma of the cervix 
following irradiation, the chance is 88 per 
cent that his suspicion is correct. This 
would indicate the value of careful gross 
clinical observation. 

Methods of determining radiation re- 
sponse in tumor cells in biopsies vary con- 
siderably. In most studies a biopsy is taken 
before treatment as a standard. Then sub- 
sequent biopsies are taken after roentgen 
therapy, after first radium application, 
after second radium application and three 
months later. Warren and associates?! con- 
sidered that moderate radiation reaction is 
characterized by diminution of mitotic 
activity, some necrosis and vacuolization of 
cytoplasm, but that the tumor is still 
recognizable. With marked radiation reac- 
tion, mitoses are rare or absent. There is 
much necrosis and practically all the cells 
are abnormal,either vacuolated or markedly 
distorted or swollen with large hyperchro- 
matic nuclei. There are only scattered 
tumor cells or small clusters. They based 
necrosis of tumor cells on acidophilic cvto- 
plasm with indefiniteness of staining, pyk- 
nosis of nuclei or nuclear material, karvor- 
rhexis, invasion by  polymorphonuclear 
leukocytes and loss of cell membranes. 
These are, in general, the evidences of 
radiation reaction that are commonly 
accepted. 

Warren and associates? also draw atten- 
tion to the important stromal changes 
occurring in response to irradiation. Moder- 
ate radiation reaction is characterized by 
mild telangiectasis or thrombosis, slight 
fibrosis, mild hyalinization of collagen and 
later slight thickening of arteriolar and 
venule walls with hyalin deposition. 
Marked radiation reaction is characterized 
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1 Taste III 


COMPARISON OF CELL POPULATION OF STRATIFIED SQUAMOUS EPITHELIUM AND 
EPIDERMOID CARCINOMA REPORTED BY MITRA AND DE?5 


Resting 


Differentiated | Degenerating 





No. of Mitotic 

Cases Phase Phase Phase Phase 
Stratified squamous epithelium 56 48.76 0.75 48.17 2,30 
Epidermoid carcinoma 439 84.16 4.68 3.57 7.59 








by marked thickening of vessel walls with 
hyalin deposition or actual necrosis of the 
walls with thrombosis, an appreciable in- 
crease in fibrosis and marked hyalinization 
of collagen sometimes with foci of necrosis. 

The importance of the tumor bed has 
been emphasized by Jolles and Koller,’ 
who drew attention to those patients with 
apparently active tumor in biopsies three 
to six months after treatment who survived 
five years. There is probably an indirect 
radiation effect by the action of the stromal 
cells on the tumor. They consider that the 
difference in response by a primary tumor 
and its lymph node metastasis is a function 
of the tumor bed. 

For purposes of considering the changes 
within the malignant epithelium after ir- 
radiation, Glucksmann? suggested division 
of malignant cells into four groups, resting, 
mitotic, differentiated and degenerating. 
Comparison of these four groups of cells in 
the normal cervix and in epidermoid car- 
cinoma prior to irradiation was made by 
Mitra and De® (Table 111). In a series of 
91 patients with multiple levels on four 
biopsies, pretreatment, 7 days after first 
radium application, 21 days after second 
radium application and 3 months after 
third radium application, Mitra and De 
counted zoo cells from each biopsy and 
these were grouped into Glucksmann's four 
standard groups. They found that there 
was almost a threefold increase in the mean 
of the differentiated cells over the preirradi- 
ation biopsy findings but that this later 
subsided somewhat to slightly more than 
the number in the original biopsy. They 
found that after 7,000 r there was more or 
less uniform reduction in resting and mitot- 


ic cells and an increase in differentiated 
and degenerating forms. They did not 
believe that there was any significant varia- 
tion in this cell population after 7,000 r 
between the 76 patients who had no cancer 
cells after 21,000 r and were therefore 
considered to be radiosensitive and the 15 
apparently radioresistant patients in whom 
cancer still remained. 

Glucksmann who believes that radiation 
leads to differentiation in addition to muta- 
tion and degeneration considers that the 
radiosensitive and radioresistant cancer 
cells react differently after preliminary 
irradiation.*!! 

The studies of Glucksmann and Spear" 
and Glucksmann and Way" have been 
concerned with quantitative changes in the 
cell types of postirradiation serial biopsies. 
These are taken by the cold knife technique 
at the growing edgeof the tumor at 7, 14, 21 
and 28 days following the start of radiation 
therapy. Such treatment consists of the 
direct application of radon or radium to 
deliver a total of approximately 7,500 г 
followed by deep roentgen therapy. The 
numbers of the four types of cells are plot- 
ted against time in each serial postirradia- 
tion biopsy. 

A poor or unfavorable response to radia- 
tion is indicated by a morphologic picture 
that is essentially the same as that prior to 
radiation therapy. Such cases are con- 
sidered unfavorable in spite of some lessen- 
ing of mitotic activity, vascular damage or 
fibrosis of the stroma of the tumor bed. 
Glucksmann® believes that, while the tu- 
mor bed may play some role in the tumor's 
response to radiation therapy, the essential 
feature of tumor radiosensitivity lies in the 






uty of the tumor to undergo differentia- 
tion While being subjected to irradiation, 

A favorable response of the tumor to 
radiation is shown by the elimination of 
viable cells, że., those which are resting or 
in mitosis. These viable cells have been 
replaced by increased numbers of nonviable 
cells; namely, those incapable of undergo- 
ing mitosis although still able to ditfer- 
entiate and thence degenerate. Accompany- 
ing these changes is an increase in the 
number of abnormal mitotic figures. A 
typical favorable response shows, after 7 
days, the absence of normal mitotic figures 
and the reduction of resting cells to less 
than 30 per cent of the total cell population. 

In a series of 100 patients treated by 
radon and roentgen ray, the clinical follow- 
up showed that Glucksmann and Spear" 
were Ко per cent correct in estimating that 
a given tumor would respond favorably to 
radiation. A histologic prognosis based on 
serial biopsies made during radium treat- 
ment was proved to be correct in 86 per 
cent of 1,453 patients with cervical cancer. 
In a series of 466 patients with Stages 1 and 
п cervical cancer, the five year cure rate 
was improved by 14 per cent by operation. 
This was planned for those patients in 
whom response was considered to be poor 
after initial radium treatment. Only those 
patients who had active cancer in cervix, 
lymph nodes or both sites two or more 
months after radium treatment were con- 
sidered to be surgically cured." 

Jolles and Koller’? considered that the 
increase of differentiating cells was appar- 
ent after the irradiation since there had 
been destruction of other cells. Further, 
they consider that hyperkeratinization of 
tumor cords after irradiation is abnormal; 
that is degeneration not differentiation. 
Using the standards evolved by Warren 
and associates," Kistner and Hertig? found 
that radiation response of marked degree 
was accompanied by increased survival. 

Further complicating problems are the 
difficulties in deciding viability of tumor 
cells and the fact that the biopsy may not 
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be representative. Martzloff^ *found that 
the preoperative biopsy was not representa- 
tive of the surgically removed uterus in 
about one third of a group of cases studied. 

There may be a lack of uniform response 
to irradiation. This does not appear to be 
related to the source of radiation but rather 
to the condition of the tumor bed. This is 
the second very important factor in assess- 
ment of radiosensitivity. Warren et 2/3" 
considered that the two most important 
features were the character of this support- 
ing tissue and its degree of vascularity and 
the presence or absence of infection. It has 
been postulated that the stromal pattern in 
specimens obtained prior to any radiation 
therapy may well be related to the prog- 
nosis of the tumor,^ Indeed, it takes an 
enormous dose of radiation therapy to kill 
all cells in a tissue culture; therefore, there 
must be more to radiation response of a 
tumor than killing all the tumor cells.” 
Other factors such as the nutritional status 
of the patient are considered to be impor- 
tant. It has been observed that many 
normal tissues and some animal tumors 
appear to have a reaction to roentgen and 
gamma radiation correlated with oxygen 
availability; tissues are less sensitive when 
anoxic at the time of irradiation. This 
sensitivity is correlated with the availabil- 
ity of oxygen and not with the utilization of 
oxygen by the cell.” This finding has been 
applied clinically in a small number of cases 
of carcinoma (other than cervical) con- 
sidered to be inoperable and hopeless with 
conventional therapy; the patients having 
been given oxygen under three atmos- 
pheric pressures. The technique is used in 
the hope that it may improve oxygen ten- 
sion in that part of the capillary circulation 
constituting the principal source of oxygen 
to the tumor cell.* 

It has been observed by Brack and 
associates? that the younger the patient the 
worse the prognosis. They considered that 
this is related to the advanced stage of the 
tumor rather than to the age of the patient. 
On the other hand, in the Connecticut 
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Tumor Registry? there does not seem to be 
this same relationship. Indeed, there seems 
to be a somewhat better prognosis, if 
anything, in the younger patient. Hor- 
monal influence on radiosensitivity and 
radiocurabilty is not understood. Wachtel™ 
correlated an elevated cornification index 
after therapy (suggesting high estrogen 
production) with an unfavorable prognosis. 
For this reason testosterone and alpha 
tocopherol have been used" to improve 
prognosis, but there are no definite con- 
clusions regarding the benefit of such ther- 
apy. 

It has been observed by Glucksmann!” 
that premenopausal women with carcinoma 
of the cervix have more benign cornified 
cells in the vaginal smear (presumably 
more estrogenic activity) than does the 
comparable group of postmenopausal 
women. ‘Those with persistently high 
counts of cornified cells during therapy are 
less likely to do well, suggesting greater 
estrogenic activity in patients with refrac- 
tory cancer. 

'The gross appearance of the tumor may 
be of great importance since fungating 
tumors have been observed to have better 
radiation response than infiltrating tu- 
mors.’ This may rather be related to the 
host response influencing the microscopic 
form taken by the tumor." Furthermore, in 
all these considerations it is important to 
remember that the amount of radiation, 
the size of the field, the rate at which the 
radiation is delivered and the time between 
successive doses may play an important 
part in the ultimate fate of the tumor. 

The observations on the types of patients 
who do well surgically is fairly limited. 
Bowing and Fricke! considered that pa- 
tients with low grade tumor do well treated 
surgically, whereas those with a high grade 
tumor do poorly treated surgically. Never- 
theless, their five year cure rate with irradi- 
ation was essentially the same for each 
tumor grade. The numbers treated by 
surgical techniques with or without 
the addition of radiation therapy 
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are too small for statistical evalugfion. 

Brack and associates? also found a^ better 
prognosis in patients with carcinoma in the 
cervical stump and suggested that such 
patients report earlier since they know that 
vaginal bleeding should not occur. There is 
a lower salvage rate in patients with 
syphilis, although it is postulated that 
deaths from syphilis itself may decrease the 
salvage rate. In the Negro patient the prog- 
nosis is worse, and it is suggested that it 
may be due to reporting at a later stage of 
disease. Stage for stage there is no ditfer- 
ence in prognosis between Negro and white 
patients.” The results of treatment depend 
on the virulence of the growth opposed by 
the resistance of the host and modified by 
the apparent response of such a tumor to 
radiation. 

Although Kottmeier? doubts the exis- 
tence of radioresistant tumor, he does con- 
sider that later surgery may be of limited 
value in radioresistant cases. 

The single most important feature in the 
prognosis of cervical cancer is the extent of 
the lesion, that is, the clinical stage. 


SUMMARY 


There is no uniform agreement as to 
whether or not histologic examination is 
of value in determining the form of therapy 
that should be employed in patients with 
cervical cancer. Preirradiation tumor grad- 
ing is prognostically significant in Glucks- 
mann's hands, but Kistner and Hertig? 
noted no correlation. Glucksmann and 
Way” found radiation response determined 
by their standards prognostically signifi- 
cant and also that a 14 per cent better 
prognosis is obtained for patients with 
poor response to radiation treated surgic- 
ally." Other workers question their cri- 
teria and are unable to produce similar 
results. Warren ef 4/.?-* consider radiation 
response important but their criteria are 
different. The problem is further compli- 
cated since radiosensitivity does not neces- 
sarily mean radiocurability. 

It is important to remember that radia- 
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tioinjury is three times as frequent in the 
good as in the poor response group, al- 
though the difference between the two is 
not fully significant statistically.” 


Arthur Т. Hertig, M.D. 
Department of Pathology 
Harvard Medical School 
25 Shattuck Street 
Boston 15, Massachusetts 
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\ CYTOLOGIC PROGNOSIS IN CANCER OF 
THE CERVIX* 


TWO YEAR SURVIVAL RATES IN A RANDOMIZED SERIES 


By RUTH M. GRAHAM, Sc.D. (Нох.), and JOHN B. GRAHAM, М.р, 
BUFFALO, NEW YORK 


N ORDER to assess the reliability of the 

sensitization response (SR) as a prog- 
nostic tool in invasive cancer of the cervix, 
a prospective randomized series has been 
run. Previous studies were either retro- 
spective! or had no randomization.? 

The series began in February, 1957, at 
the Roswell Park Memorial Institute. The 
first year has been regarded as a trial 
period for the investigation. It takes some 
time toorganize a randomized clinical study 
so that everything runs smoothly, par- 
ticularly when new in an Institution and 
with an unfamiliar method of radiation 
therapy. The series reported here is com- 
posed of those patients randomized and 
treated during the second year, from 
February, 1958 to February, 1959. Stage 
ту cases were excluded from the randomiza- 
tion, All other cases were included with 2 
exceptions—a patient with Stage 1 cancer 
of the cervix who was not treated because 
of an extensive inoperable recurrent carci- 
noma of the rectum and one with Stage 11 
cancer who had no pretreatment smear. 

During the second year, 120 cases were 
seen. There were 18 in Stage r-small, 16 in 
Stage 1-large, 45 in Stage па, 16 in Stage 
ub, 16 in Stage ш and 9 in Stage tv. 


METHOD 


Cases were randomized in the following 
fashion. An SR count was performed on the 
initial vaginal smear obtained when the 
patient was first seen in the outpatient 
department before any pelvic examination 
was done. The clinical stage was determined 
by examination under anesthesia. When 
the SR count and the clinical stage were 
known, a research nurse opened a sealed 


envelope, on the outside of which was a 
notation as to whether the SR was good or 
poor and the clinical stage. Inside the en- 
velope a card indicated whether the patient 
should be included in the radiation series or 
the study series. In this way, cases were 
randomized both on the basis of clinical 
stage of the disease and the cytologic pic- 
ture. 

If the card indicated that the case be- 
longed to the radiation series, the patient 
received 5,700 rads full pelvis radiation 
through six portals, то cm.X15 cm. an- 
terior and posterior portals, 8 cm. X15 cm. 
lateral portals by a 400 kv. machine in five 
to six weeks. The radiation dose was con- 
stant for all patients, with 2 exceptions, 
both in their eighties who had radium ap- 
plications initially, The external radiation 
was followed by 2,000-3,000 r, at point 
A by radium application. 

If the card indicated that the patient 
had good SR—to per cent or above—and 
was in the study group, she received radia- 
tion therapy as described above. Previous 
work! had indicated that if 10 per cent or 
more of the benign squamous cells in the 
vaginal smear were vacuolated basal cells, 
the cells considered to show the sensitiza- 
tion response (Fig. 1), the patients had a 
greater five year survival rate if treated 
with radiation. 

If the card indicated that the patient had 
poor SR —9 per cent or lower—and was in 
the study group, she received a trial of 
radiation therapy. Her radiation response 
was judged to be good or poor at either 
1,000 or 2,000 rads. If at 1,000 rads her 
radiation response was below 25 per cent, 
it was considered poor, the external radia- 
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Fic. т. Basal epithelial cells showing the sensitiza- 
tion response. These cells are characterized by fine 
vacuolization of the cytoplasm. 


tion was stopped and she was admitted for 
radical surgery. At 2,000 rads the level of 
radiation response must be above 50 per 
cent to be considered in the favorable 
range. There was one group which was an 
exception to this mode of therapy —pa- 
tients with Stage 1 lesions less than 2.5 
cm. in diameter with low SR. Previous 
work* had indicated that this particular 
group does well with primary surgery. 


RESULTS 


Comparison of the two groups—the radi- 
ation series and the study series—is pos- 
sible at this time since the cases have been 
randomized, are comparable in clinical ex- 
tent of disease and cytologic picture, and 
have been followed the same length of 
time—two vears or more. No patient has 
been lost to follow-up. 

Though the two series with good SR are 
identical, it may be of interest to see how 
comparable the two series are, divided 
according to their randomization. Table t 
gives the two year survival rate in Stages 
1 and rr. It shows, as might be expected, 
since these patients have similar clinical 
extent of disease and cytologic findings, 
similar results. The over-all two year sur- 
vival is go per cent for the radiation series, 
and 84 per cent for the study series. 

It is in the poor SR group that a dif- 
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SURVIVAL RATE AT TWO YEARS OF PATIENTS 
WITH 1000 SR 


Taste l 








Stage 1 па ub Total 
Radiation 

Series 44 12/13 2/3  18/20—90o006 
Study 

Series 4/4 10/12 2/3 16/1g—84% 

Total 8/8 22/25—  4/6— 34/39—87% 


ference might be demonstrated, since here, 
radical hysterectomy is performed in the 
study group on those thought to be re- 
fractory to radiation. Table и shows the 
survival rates in these two series. [n every 
stage, the survival rate of the surgical 
cases is better than that of those given 
radiation but only slightly. It is perhaps 
of some interest that in the radiation 
series 2 of 6 Stage 1 cases with small lesions 
(less than 2.5 cm.) succumbed to their 


Taste II 


SURVIVAL RATE AT TWO YEARS OF PATIENTS WITH 
SR BELOW 10% 











Stage I па ub Total 
Radiation 9/12 8/12 о/з 17/28—61% 
Study 12/14 7/8 1/6 20/28—71% 


(radical hysterectomy) 





disease. In the study series there were 7 
Stage 1 cases with small lesions in which a 
radical hysterectomy was performed. All 
are well and without evidence of disease. 

Table i: shows the correlation between 
SR and cytologic evidence of radiation 
response in Stages 1 and и receiving full 


Tague III 


CORRELATION OF SR AND RR 


Good RR 





Poor RR 
Poor SR 9% — 6 24—80% 
Good SR 10%+ 38 1—97% 


60/67 correlated = g0% 


4 


radiaWgn therapy, 7.e., excluding the sur- 
gical cases. Of the 39 cases with good SR, 
only 1 failed to achieve а good radiation 
response (RR)—an excellent correlation. Of 
the 30 cases with poor SR, 24 or 80 per 
cent failed to achieve a zood RR. In 6o 
of 67 cases, there was direct correlation be- 
tween the initial SR. count and ultimate 
cytologic radiation response. 

Table 1v gives the two vear survival rate 
in poor and good SR patients—63 per cent 
and 87 per селе who received radiation 
therapy only. This difference is significant 
at a probability of 0.02. The survival rate 
in the good and poor radiation response 
groups shows even a greater difference 
88 per cent and 56 per cent which is sig- 
nificant at a probability of o.or. The dif- 
ference in the radiation response group is 
greater than in the sensitization response 
group. This is explained by the concept that 
SR indicates a strong probability of the 
туре of response a cancer of the cervix pa- 
tient will have if given radiation therapy. 
RR indicates what the response actually is. 

The Stage 11 cases have not been in- 
cluded in the tables since this study was 
designed to test the efficacy of radical 
surgery in those patients with poor SR. 
Patients with cancer of the cervix whose 
disease has extended and is fixed on the 
pelvic walls are not amenable to surgical 
excision. In the study group there were 11 
Stage 111 cases of cancer of the cervix, and 
4 are free of disease at two years. In the 
control group there were 4 cases and 1 15 
alive. Again the study group shows some- 
what better results but the numbers are 
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TWO YEAR SURVIVAL RATE IN STAGE I AND II CASES 








Good RR Pcor RR Total 
Poor SR 5/0 14/24 19/30—63% 
9%— 
Good SR 34/38 0/1 34/39—879« 


10% + 


Total 39/4&—88% 14,'25—56% 53/69—77% 
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Taste V 


DEATHS IN STAGE I AND II CASES 





ub Total 


Stage Is ln па 


Good SR 


Study 2 1 3 

Radiation І I 2 
Pe )»r SR 

Study 2 1 5 5 

Radiation 2 1 4 4 11 


too small to permit evaluation. The only 
difference in the groups was that the poor 
SR cases were given alpha-tocopherol dur- 
ing their treatment and the radiation 
series, placebos. However, since all pa- 
tients who ultimately had radical surgerv 
also had alpha-tocopherol during their 
trial of radiation therapy and in no case 
was any improvement seen, it is unlikely 
that any improvement in the Stage ui 
cases can be regarded as influenced be- 
cause of alpha-tocopherol administration. 
In a previous series? where the initial radia- 
tion treatment was radium rather than 
roentgen radiation, a significant number of 
patients appeared to have their radiation 
response improved by the administration 
of alpha-tocopherol. This has not been 
true in this particular series. 

There were 24 deaths in the patients with 
Stage 1 and i1 cancer of the cervix. Table 
v indicates the distribution of deaths ac- 
cording to the series, SR count, and the 
clinical stage. It is evident from the table 
that the majority of the deaths are occur- 
ring in the poor SR groups—7g per cent. 
It is also apparent that patients in Stage 
ub with poor SR do poorly indeed — 
whether treated with radiation or surgerv. 
Only т patient of то survived two years. 

That the patient with parametrial ex- 
tension of her cancer of the cervix — Stage 
1tbh—does poorly if she does not show a 
cytologic response is indicated by five 
year figures from Kjellgren? on radiation 
response. Table vr shows five year survival 
rates in Stage па and Stage rib cancer of 
the cervix cases treated by radiation 


Vor. 82, No. 1 


therapy. There is a difference between the 
good and poor response in Stage па of 22 
per cent certainly a respectable difference. 
However, in Stage 11b the difference is 50 
per cent. It appears that for the patient 
with parametrial involvement the response 
of the benign cells to radiation is critical. 


CONCLUSION 


This study has shown that in a prospec- 
tive randomized series the number of cells 
showing the sensitization response is an 
adequate prognostic method, since it is 
significant at .о2 per cent probability. 
Radiation response again has been shown 
to be of prognostic significance. Radical 
surgery in the poor SR group has been 
shown to be the equal of radiation therapy 
but not definitely superior. It is concluded 
that the responsiveness of the host to radia- 
tion is one of the critical factors in con- 
trolling the disease. 


Ruth M. Graham, Sc.D. (Hon.) 
Roswell Park Memorial Institute 
Buffalo, New York 
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FIVE YEAR SURVIVAL RATE IN STAGE II CASES* 





Stage Good RR Poor RR 





na 14/21—069 | 10/23—44^t 


ub 23/3 -2606 33/68—49% 





* Kjellgren, 1958. 
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RASDIOSENSITIVITY TESTING OF CERVIX CANCER 
BY THE TEST DOSE TECHNIQUE* 


By S. B. GUSBERG, M.D., and GRACE G. HERMAN, 


M.D. 


NEW YORK, NEW YORK 


HERE is no doubt that the use of radi- 

ation or surgical therapy, when em- 
ployed with skill and experience, can each 
attain a very high cure rate in cervix can- 
cer of limited extent. Because of the pecul- 
iar adaptability of the female reproductive 
organs to the reception of radium and the 
high degree of radiosensitivity of cervical 
cancer, it would seem most logical for all of 
us to strive for an efficiency rate of our own 
radiation treatment comparable to that at- 
tained in the best treatment centers and 
leave surgical treatment to those who are 
unable to reach this ideal. Yet, the renais- 
sance of radical hysterectomy in this coun- 
try has demonstrated that this mode of 
treatment may play a therapeutic role for 
tumors of limited extent in patients of se- 
lected surgical quality for those tumors 
that are relatively resistant to radiation 
and for those patients whose normal tis- 
sues are over-responsive to ordinary doses 
of radiation. 

The problem of clinical radiation resist- 
ance is, of course, a complex one and we 
will finally require the devoted efforts of 
the radiobiologists to help us understand 
its basis. This complexity may be gauged 
to an extent, however, from a brief con- 
sideration of the following factors relating 
to this phenomenon: 

i. Problems of variation in dosage with 
various radiation techniques to central and 
peripheral areas of the tumor. 

2. Variation in the response of tumor 
cells and the response of the tumor bed. 
Here the effects of oxygenation and blood 
supply must play a role on both stromal 
and tumor cell reaction.*:!® 


3. Factors of age, general health, habitus 
and endocrine status of the host. 

Our group, like some others, has been 
interested in a combined therapeutic ap- 
proach to cervix cancer in an effort to 
make the surgical and radiotherapeutic 
modes complementary so that we may pro- 
vide a treatment specifically suitable for 
each patient. The study of clinical measure- 
ments of host response pioneered by 
Graham® has proved more complex in our 
hands than our own study of an index of 
tumor radiosensitivity defined by cyto- 
chemical and cytomorphologic means under 
test doses of radiation. Host response and 
tumor response must be closely related and 
it may be that the tumor response is the 
cruder end point biologically, and the safer 
end point clinically. Early tumor response 
to radiation, however, is surely not the 
only consideration for radiocurability and 
we must strive for an understanding of 
several levels of response for ultimate 
knowledge in this area. 

Throughout the radiotherapeutic era, 
investigators have attempted to assav the 
radiosensitivity of cervical cancer by con- 
ventional hematoxylin and eosin prepara- 
tions of serial biopsies under radiation," 
but it remained for Glucksmann? to de- 
fine tumor cell populations in a meaningful 
way by his studies of the growing edge of 
the tumor and his demonstration of the 
accuracy of his predictions with actual 
radiocurabilitv or lack of it. His fastidious 
and accomplished studies suggested the im- 
portance of differentiation of tumor cells 
under radiation and we adhere to this view. 
Yet this testing. program has not been 


* From the Department of Obstetrics and Gynecology of the College of Physicians and Surgeons, Columbia University and the 
Sloane Hospital for Women, and the Francis Delafield Hospital of the Columbia-Presbyterian Mecical Center, New York, New York. 

Presented in part at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 10-14, 
1961. Part of Panel Discussion: Radiosersitivity and radiocurability as judged Бу microscopic techniques. 
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widely accepted for: firstly, one hesitates to 
take the wide block of tissue from the grow- 
ing edge of the tumor that he demands, lest 
this incision into the tumor bed interfere 
with healing, or actually disseminate dis- 
ease; secondly, the application of a major 
portion of the radiation treatment in test- 
ing is disturbing to many for transfer of the 
patient to radical surgical treatment after 
major irradiation may increase the mor- 
bidity and mortality rate of a truly radical 
operation, 


TEST DOSE METHOD 


We have studied the radiosensitivity and 
radiocurability (and they must not be con- 
sidered as synonymous’) of cervix cancer by 
the administration of a small test dose of 
radiation, given by transvaginal cone. 
We formerly used 3,000 r (250 kv., 15 
ma., 43 cm. target-skin distance, half 
value layer 2 mm. Cu) іп соо г daily ex- 
posures, but we now find 1,600 г in 2X 800 


r exposures twenty-four hours apart to be 
equally provocative of a spectrum of re- 
sponse. One may also use external irradia- 
tion of 1,600 r tumor dose or a very small 
application of intracervical tandem radium 
of the order of 2,000 mg. hours to make 
such a test, but we have preferred the pre- 
cision of our standardized transvaginal 
irradiation; it is superficial therapy which 
may be virtually disregarded in later 
radium calculation. Our quadrant control 
biopsies are obtained beneath the vaginal 
surface of the tumor in the healthy, actively 
growing zone, but the growing edge is 
avoided. Repeat biopsies are then taken 
one week following the test dose and 
studied cytochemically and cytomorpho- 
logically.!9:i 

Tissue sections and tissue smears are 
made from these biopsies and stained for 
cell population nuclear studies. Orcein fast 
green is utilized to define the chromatin 
material, methyl-green pyronin to dis- 
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Fic. 3. Tissue sections. RST moderate. Cancer of the cervix, Stage 1c. Treatment: Transvaginal cone 
therapy, radium, external roentgen irradiation. Died of disease 1 year later. (4) Н & E control, X 207. 
(B) H & E, X207 (7 days after 3,000 г by transvaginal cone). 


tinguish chromatin from nucleolar RNA, vasion in the control biopsies and our 
Feulgen preparations for precise DNA analysis of the good response treatment 
definition and hematoxylin’ and eosin for failures suggests the importance of this 
section survey. Once orientation is estab- factor (Table 1). 

lished in smears, one finds the histologic There are three types of tumor cell reac- 
preparations to be equally usable for tion indicating responsive reaction to ir- 
clinical testing. Response of 75 per cent or radiation: (т) death and dissolution of cells; 
more of the tumor cells indicates a good (2) increased differentiation of cells; and 
reaction. The presence of 25 per cent or (3) radiocytologic reactions indicating the 
more of nonreacting, unchanged tumor probability of irreversible cell injury such 
cells, frequently in the same high power as (a) enlargement of cells and cell nuclei, 
field with reacting cells, is considered a (b) enlargement of nucleoli'(RNA), and (c) 
moderate or mixed response, while a poor alterations in chromatin material (DNA)-— 
reaction is indicated by the predominance apparent early increase followed by relative 
of unchanged tumor cell nuclei. Most decline. 

specimens with a good response show vir- Our testing studies?! are based, in 
tually 100 per cent reaction and this tumor general, on the exploitation of the greater 
response is usually accompanied by а sensitivity to irradiation of the reproduc- 
striking stromal reaction with the appear- tive apparatus of the cell, the chromo- 
ance of healthy granulation tissue. We somes or DNA, than those relatively insen- 
have qualified radiosensitivity tests (RST) sitive organelles related to protein synthe- 
good reactions if there was lymphatic in- sis and RNA metabolism. This is a rela- 
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Fic. 4. Same patient as in Figure 3. Cell smears. (4) МСР control, X828. (В) МСР, 
X828 (7 days after 3,000 г by transvaginal cone). 


tively crude translation of the work of 
Caspersson and Santesson,? who demon- 
strated cytochemically the so-called A and 
B cell types in tumor: the first a vital, 
aggressive cell, its nucleus rich in DNA; the 
second a larger, probably dying cell, rela- 
tively poorer in DNA but relatively richer 
in RNA. The development of their studies? 
as well as those of Klein and Forssberg,” 
Gardella and Lichtler? and Kelly! has 
confirmed this differential sensitivity of 
the nuclear components, and it is suggested 
that interference with mitosis mav be a 
more important factor in the relative DNA 
rise and decline than is direct chemical 
effect on DNA synthesis. Richards and 
Atkin have also studied the relation of 
mitotic arrest under irradiation to DNA 
with a similar finding. 

Our qualitative, perhaps semiquantita- 
tive, cell population studies have enabled 
us to attain a 70 per cent prognostic ac- 
curacy rate in cervical cancers so tested 
and we have adopted this method for the 


choice of treatment in our Stage 1 and 
Stage 11 patients. Our group defines Stage 
Іа as a microcarcinoma, Stage ib as а 
clinical tumor under 2.5 cm. in diameter, 
and Stage їс any Stage 1 lesion over that 
size. Stage па is the conventional designa- 
tion of a lesion involving fornices and /or 
proximal parametria and Stage ub апу 
Stage п lesion of greater extent. All staging 
is done under anesthesia whenever pos- 
sible. This radiosensitivity coordinated 
plan of treatment is shown in Table п. 
This program favors surgical treatment in 
Stage 1 cases except for those with a high 
radiosensitivity index, and radiation treat- 
ment for Stage п cases with the exception 
of those showing a poor response. Patients 
with a mixed response, of course, are 
managed more individually, yet with the 
same treatment philosophy. It may be 
noted that approximately 70 per cent of our 
patients had an excellent response to radio- 
sensitivity testing, while 3o per cent 
showed a mixed or poor response (Table 111). 


. 
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DISCUSSION 


The clinical validity of such a radiosensi- 
tivity testing program would seem to re- 
quire it either to increase the over-all sal- 
vage rate in this disease or to providea 
technique by which one could choose be- 
tween two comparably efficient modalities 
of treatment in clinical situations where 
such a choice appears logical. There seems 
little doubt that our method permits us an 
early selection of those for whom a radia- 
tion program is destined to carry a high 
failure rate (Table ту). Whether or not the 
substitution of surgical treatment for such 
patients can offer them a higher promise of 
cure, we cannot say as yet. Our experience 
with this method of selection for clinical 
use Is too recent to permit any statistically 
valid observations on this question, but it 





Fic. 5. Lymphatic involvement. RST good. Cancer 
of the cervix, Stage 1c. Treatment: Radium, ex- 
ternal roentgen irradiation. Died of metastatic 
disease 1} years later. Н & E, X207. There are 
tumor cells in a lymphatic of the cervix. 
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Taste I 


RADIOSENSITIVITY TESTING ROLE 
OF LYMPHATIC INVOLVEMENT 
IN RECURRENCE 
































(1961) 
RST Good with RST Good 
Recurrence \Living and Well 
No. Ty | Хо. 
Stage | No. | with Уре | No. | with 
of |positive 9 | of (positive 
Cases | lym- РРР Cases | lym- 
‘phaties, Tence | phatics 
1 5 3 M: 2 5 о 
С:т 
п 10 7 М: 4 Ij 2 
C:2 
| U: 1 
In 12 6 M: 2 9 І 
C:3 
| U: 1 
1-1 | 27 | 16 M:8 | 27 3 
| С: 6 
| U: 2 





* M= Metastases only. 
C= central with or without metastases. 
U- site unknown. 


is our impression that such tests may dis- 
close tumor virulence as well as radiation 
sensitivity for we suspect that surgical 
treatment may also be unsuccessful in 
these patients (Table v and 1). If, however, 
surgical treatment will attain a higher cure 
rate than the strikingly poor one seen in 
the RST moderate and poor group (Table 
vi), we should be able to increase our over- 
all salvage rate by a small margin. If, in 
addition, we can select patients whose 
normal tissues over-respond to radiation, 
with the threat of an increased rate of in- 
jury (Table vit), we will have provided cri- 
teria that will help to define the proper role 
of radical surgery. 

We must bear in mind that generally the 
majority of patients with Stage 1 and Stage 
п cancer of the cervix will be cured with 
skilled surgical or radiation treatment, but 
for some the choice of the initial treatment 
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Tante П 


RADIOSEXSITIVIIY TESTING AND TREATMENT OF CANCER OF CERVIX 
COLUMBIA-PRESBYTERIAN MEDICAL CENTER 


(1961) 


Test Dose 





Treatment 





None 








Transvaginal 
cone (ТУС) 
Roo rX2 


ub 





External roentgen therapy 
1,600 r 
2,600 r 


11 | 


Tage III 


RADIOSENSITIVITY TESTING—CASCER OF THE CERVIX 
COLUMBIA-PRESBYTERIAN MEDICAL CENTER 








(1 961 ) 
| No. of s 
| Patients Per Cent 
— —| р 
RST good | gs | 70.5 
RST moderate 3t | 22,3 
RST poor 10 | 7.2 


will be critical. Since by clinical appraisal 
alone it is impossible to furnish criteria for 
such a choice or to define the group that 
requires it, some program of testing seems 
important to resolve the problems en- 
countered by therapists conditioned to a 


Radical Hysterectomy 


RST good: iden and roentgen therapy 
RST moderate or poor: radical hysterectomy 


RST good: radium and roentgen therapy 
RST moderate: second test dose 
RSE poor: radical hysterectomy 






Conde radiation therapy except in RST 
moderate or poor cases that are operable 


unilateral mode of action. 

The background for the бабай of the 
shortcomings of clinical selection of pa- 
tients for surgical or radiation treatment in 
our hands may be seen in our Stage 1 re- 
sults in three treatment eras in our hospital 
(Table уш): 1940-1945, when radiother- 
apy only was used; 1946-1951 when the 
most favorable patients were selected for 
surgical treatment; and 1952-1955, when 
an attempt was made to alternate treat- 
ments whenever medically feasible. With- 
out any radical change in the technique of 
treatment during these periods, we showed 
a striking variation in the end result. 

In Table 1x an analysis of recurrences is 
given of 134 patients on whom radiosensi- 
tivity tests were performed. 


Tase IV 


RADIOSENSITIVITY TESTING AND CURE RATE 
THREE TO TEN YEAR FOLLOW-UP 








(1961) 
| Ne, of Stage 1 Stage i Stage in Total 
| Patients (per cent) (per cent) (per cent) (per cent) 
RST good 6 79.0 63.0 41.2 62.0 
RST moderate or poor 29 42.9 13.3 14:3 20.7 
73.1 69.0 54.2 66.4 


Prognostic accuracy 92 
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. Taste V 
RADIOSENSITIVITY TESTING PATIENTS REFERRED 
FOR RADICAL SURGERY 
RST MODERATE OR POOR 








(1961) 
| No. of Alive and 
| Patients Well 
Diesin E | k : 
Stage I 3 I 
Stage п 2: I 
Total | 5 2 


SUMMARY AND CONCLUSIONS 


1. A test dose technique for radiosensi- 
tivity testing of cervix cancer is presented, 
and its cytomorphologic and cytochemical 
appraisal discussed. 

2. The possibility of selecting those pa- 
tients, one week after a small provocative 
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Tante VIII 


ГКЕАТМЕХТ OF CANCER OF THE CERVIN, STAGE I 
COLUMBIA-PRESHUYVTERIAN MEDICAL CENTER 





| Radiation | Surgical 


No. of Five Year| No. of |Five Year 
Pa- Cure Pa- Cure 
tients | (рег сеп)! tients | (per cent) 


1040-45 | 87 67.8 g | +o 
1946-§1 41 56.1 бо 78.4 
1952-55 | 57 68.5 40 70.0 


1 





test dose, for whom a radiation therapy 
program will probably be unsuccessful 
offers the promise of admitting surgical 
treatment of this disease to its proper role. 

3. The lack of a method by which the 
patient with cancer of the cervix can be 
selected for either radiation therapy or 


Taste VI 


RADIOSENSITIVITY TESTING AND CURE RATE 
ONE TO TEN YEAR FOLLOW-UP 














(1961) 
No. of Stage 1 Stage п Stage ш Total 
Patients (per cent) (per cent) (per cent) (per cent) 
RST good 98 85.5 66.7 39.2 | 605.4 
RST moderate or poor 36 37.6 16.7 10.0 | 20.0 
Prognostic accuracy 134 79.0 70.0 60.6 | 70.1 





Тави УП 


COMPLICATIONS OF RADIATION TREATMENT 
134 PATIENTS WITH CANCER OF THE CERVIX 
COLUMBIA-PRESBYTERIAN MEDICAL CENTER 





(1961) 
RST good: 11 complications 
(6 with lympha- 
denectomy) 
Genitourinary 3 
Genitourinary and gastro- 

intestinal 4 
Leg edema I 
Genitourinary and leg edema 1 
Hip fracture 2 


1 complication 
(1 with lympha- 
denectomy) 

Genitourinary | I 


RST moderate or poor: 








surgery, depending on which would most 
benefit that particular patient, supports the 
need of some type of a testing program if 
both of these modalities are to be utilized 
to their greatest advantage. 


S. B. Gusberg, M.D. 
630 West 168th Street 
New York 32, New York 
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OLEIC ACID I" INTESTINAL ABSORPTION IN PELVIC 
COBALT 60 IRRADIATION* 


By JACK К. GOODRICH, M.D., and BERNARD T. HICKMAN, M.D, 


JACKSON, MISSISSIPPI 


HE undesirable effects of irradiation 

have been discussed in numerous 
papers in the scientific literature dating 
back to within months of the time when 
roentgenography was recognized as a clini- 
cal tool." [n this respect, the gastroin- 
testinal tract has been the subject of a 
respectable number of reported cases, series 
studies and experimental works. Dire re- 
sults from deep radiation therapy range 
from factitial proctitis? to intestinal de- 
ficiency states,’ early and late obstruc- 
tion*!5 and even to bowel necrosis, per- 
foration and demise of the patient. Inter- 
spersed in this volume of reports are writ- 
ings of investigators seeking interrelations 
of the associated side effects, such as diar- 
rhea, vomiting? or intestinal malabsorption. 
It is these latter studies to which we shall 
confine our reviews and correlate our ob- 
servations in the present work. 


INTESTINAL REACTIONS TO IRRADIATION 


It is not feasible to relate the intestinal 
changes manifested clinically by radiation 
therapy patients with those described in 
association with accidental or experimental 
single dose high level exposures. It is of 
interest, however, to note that doses equal- 
ing and even doubling the average single 
therapeutic application to the abdomen 
will not alter gastric emptying in the dog 
and doses up to four times the average 
single daily application will show relatively 
little evidence of injury, grossly or micro- 
scopically, to the stomach of the dog. This 
is in marked contrast, however, to the 
extensive injury to the small bowel found 
on microscopic and gross examination by 
Conard? and Sullivan e al. 

In a review of the literature, Conard’ 
discusses factors which may possibly favor 


the development of diarrhea in irradiated 
animals. These are: (1) increased secre- 
tions from the intestines due to radiation 
induced denudation of the epithelium, 
irritation, inflammation and distention of 
the bowel; and (2) increased or altered 
bacterial activity which may disturb the 
normal symbiotic relationship of the bac- 
teria to the host. He points out further 
that, while the intestinal tract is quite 
sensitive to ionizing radiation, it also has a 
most remarkably regenerative and repara- 
tive ability. This is evidenced by the find- 
ing that doses of well over 1,000 r are 
required to damage permanently the gut 
in most mammals studied, and, further, 
that the bowel is capable of rapid, dramatic 
recovery of anatomic and functional in- 
tegrity after doses approaching the lethal 
range. 

Kymographic studies of bowel motility 
by Conard® demonstrated that roentgen 
rays increased the motility and bowel tone 
after doses as low as 100 r, and with larger 
doses this tone increased further and the 
duration of response was longer. 

Mead, Decker, and Bennett" described 
а tendency toward increased tone and 
motility of the gastrointestinal tract after 
irradiation, resulting in retention of oil in 
the stomach or rapid passage past the 
absorbing intestinal surface. In their ex- 
perience, fat absorption per se appeared 
normal and in some cases increased. They 
concluded that there was no evidence of 
postirradiation impairment of fat absorp- 
tion in rats receiving боо to 700 r whole 
body irradiation. British and American 
authors as early as 1924 discussed changes 
in intestinal fat absorption incident to ir- 
radiation. Dodds and Webster’ observed 
an immediate increase in fecal neutral fat 


* From the Department of Radiology, University of Mississippi Medical Center, Jackson, Mississippi. 
Aided by Grant Number IN-60 for the American Cancer Society (Mississippi Division). 
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content in the stool during irradiation of 
the abdomen and spleen. This did not oc- 
cur when other more remote parts of the 
body were treated. Martin and Rogers" 
isolated loops of dog intestine and de- 
scribed malabsorption of fat from these 
loops following exposure to ionizing radia- 
tion. Their observations were based on the 
failure of the mesenteric lymphatics to 
visualize after a fatty meal was given to 
the postirradiated dog. In support of these 
observations, Buchwald! found diminished 
absorption of the sugars, dextrose, fructose 
and mannose in rats twenty to forty hours 
after exposure to sublethal levels of ir- 
radiation. 

An extensive, comprehensive discussion 
of the microscopic changes of tissues and 
cells of the intestinal tract is incorporated 
in a review by Friedman.* He observed 
that the absorptive behavior of the intes- 
tine after abdominal irradiation showed 
pronounced alteration. In the more recent 
literature, Moss? has pointed out the 
effects of ionizing radiation on the absorp- 
tion of sugars, describing depression of 
absorption in the postirradiated rat as 
compared with absorption levels in control 
animals. Reeves and co-workers"? reported 
changes in the intestinal absorption of 
labeled fat and fatty acid associated with 
abdominal therapy using orthovoltage 
equipment. In their study slightly less than 
со per cent of their patients demonstrated 
transient decreased fat or fatty acid 
absorption during irradiation. 

Our observations in the past led us to 
believe that the incidence of diarrhea, 
nausea, vomiting and weight loss in 
patients receiving cobalt 60 teletherapy 
was somewhat lower than that observed 
with orthovoltage therapy. We chose to 
evaluate this observation using the oleic 
acid I“ intestinal absorption technique. 


PATIENT SELECTION AND RADIATION 
TREATMENT PLAN 
Forty-eight patients accepted for routine 
irradiation for carcinoma of the cervix 
made up this study group. 
Staging of the neoplastic lesion in 


Jancdry, 19625 


accordance with the League “of Nations 
classification determined the dosage to be 
applied to Points A and B in the parame- 
trium. Table 1 shows the plan of irradiation 


Tage I 


IRRADIATION PLAN 


; Co" Ernst Ra- 
No. T : а d 
A Teletherapy dium Appli- Total 
ot 3 
s Stage Dose at cator Dose Dose 
Lia Point B at Point B 
tients b 
ir) (r) (r) 
9 I 34,800 1 ,f1o §,110 
25 и 4.000 1,800 §,800 
bi ut 4-000 1,800 §, 800 
6 IV 3,500 - 3,500 


employing cobalt 6o teletherapy and ra- 
dium loaded Ernst applicators. Thirty- 
three patients (Stage п and 111) in the series 
were treated to approximately equal dosage 
levels with identical techniques. Figure 1.7 
illustrates the arrangement of the two 
6X14 cm. anterior and posterior ports for 
Stage 1, 11 and 111 lesions. Stage 1v lesions 
received the external irradiation through 
single 14X18 cm. anterior and posterior 
ports (Fig. 18). Intracavitary radium was 
rarely applied in Stage ту cases. Figure 1C 
illustrates the relationship of the Ernst 
applicator to the irradiation portals for 
treating Stage 1, п and п lesions. 

The barium seen in Figure 1, .7, B and C 
partially outlines the small bowel lying in 
the treatment fields. The volume of intes- 
tine exposed to radiation is recognized as 
variable, not only from patient to patient 
but also in the individual patient from 
treatment to treatment. In a human study 
this variable cannot be avoided or cor- 
rected, however. 


METHOD 


An intestinal oleic acid absorption study 
is performed prior to the first radiation 
treatment period in order to establish a 
baseline for each patient. A second evalua- 
tion is carried out at midtreatment after 
the delivery of approximately 1,700 to 
2,000 r to Point B. The third absorption 
study is performed on the day of comple- 


tion of cobalt 60 teletherapy with approxi- 
mately 3,500 to 4,000 r having reached 


Point B. Intracavitary application of 
radium by Ernst applicator follows the 
cobalt 60 irradiation within a period of 
approximately two weeks. Follow-up ab- 
sorption studies are performed at an 
average of eight weeks after cobalt 60 
teletherapy to determine whether delaved 
depression of absorption has occurred or 
whether, in patients with abnormal results 
during or on completion of therapy, there 
has been a return to normal. 


l'ÉECHNIQUE 
Patient Preparation. On the day before 


each absorption studv, the patients ingest 
15 drops of Lugol’s solution with each 
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Fic. 1. (4) External irradiation fields for 
Stages 1, 11, 11, and (В) for Stage 1v lesions. 
(C) Ernst applicator in place, with external 
fields for the treatment of Stage 1, 11, and 
111 lesions. 


meal in order to provide a thyroid block- 
ade. After the evening meal nothing is 
taken by mouth. On the morning of the fat 
absorption test, the dosage capsules of 
[2 labeled oleic acid are given with the 
dietary prepared test meal which contains 
20 gm. of fat and consists of cream and 
milk, cereal and coffee or tea. 

Dosage and Standard Preparation. Doses 
of I?! oleic acid in the amount of 5o uc and 
in volumes averaging I to 1.$ cc. are 
prepared by diluting the acid with olive oil. 
'This is placed in size oo gelatin capsules. 
The oil has no effect on the gelatin and 
leakage has not been noted, even after long 
periods of standing. This same measured 
dose is diluted by volume, 1:10,000, using 
petroleum ether for the standard solution. 
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Vic, 2. Normal baseline absorption results. Range 
and mean of oleic acid 1% absorption in 36 sub- 
jects. The studies were performed one day prior to 
the initiation of Co? therapy. 


Sample Collections, Counts and Calcula- 
tions. Whole blood samples are collected in 
heparinized tubes at two, four, six, eight 
and twenty-four hours. The usefulness and 
reproducibility of studies employing urine 
and stool samples have been of little value 
in our experience. The reproducibility of 
the blood sampling technique has been 
shown by Isley and co-workers.’ Two cc. 
aliquots of whole blood are pipetted into 
counting tubes and the activity is measured 
т the scintillation well counter. The 
recorded counts are compared with meas- 
urements of an equal volume of the 
standard solution and the result is ex- 
pressed as a per cent of dose per liter of 
whole blood. The minimum values of nor- 
mal were set in accordance with the values 
proposed by Kaplan and co-workers.? No 
abnormality was interpreted for the high 
level ranges found in a few subjects of this 
group. Figure 2 illustrates the wide range of 
normals observed in the oleic acid D! 
absorption studies of this group. 
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RESULTS AND DISCUSSION 


Although the occurrence of diarrhea 
during irradiation was a strong stimulus for 
this study, there is no evidence to show that 
intestinal absorption of fats is related to or 
influenced by diarrhea. Actually, a low 
incidence of clinical diarrhea was observed 
in the 48 subjects studied. In the i; 
subjects having diarrhea, normal absorp- 
tion patterns were maintained by 12. It is 
suspected that diarrhea reflects the effects 
of irradiation on the large bowel rather 
than on the small intestine. This is sup- 
ported by the lack of correlation between 
the intestinal absorption results and the 
incidence of diarrhea. 

The factor of weight loss has also 
assumed a more optimistic aspect in this 
study. Figure 3 illustrates the narrow 
differential between the average gain and 
loss of weight in the subjects of this group 
during the course of therapy. A single pa- 
tient who followed a downhill course 
throughout therapy accounts for the high 
value for weight loss in the follow-up 
column. A number of patients at follow-up 
had gained in excess of то pounds, thus 
accounting for the small differential be- 
tween the mean values of the two columns. 
This finding is explained clinically, we be- 
lieve, on the basis that, in some, a loss of 
several pounds is the result of the various 
degrees of nausea and anorexia associated 
with irradiation; on the other hand, a gain 
in weight follows the frequent general im- 
provement in the soma and sensorium of 
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Fic. 3. Weight changes, showing range and mean. 


* Vor. 87, No. 1 


patients as bleeding and discharge cease 
and bulky, toxic tumors regress in size and 
symptomatology. 

Twelve patients in this series had 
abnormally depressed baseline absorption 
(Fig. 4). Five of these actually showed 
improvement of intestinal absorption as 
cobalt бо therapy progressed and only 1 
patient showed further depression of ab- 
sorption on completing therapy. The re- 
mainder showed no change in the already 
low absorptive levels throughout the series 
of treatments. 

In the group of 36 patients having 
normal baseline absorption studies, 8 
exhibited abnormally low absorption levels 
at midtherapy or at completion. On the 
the other hand, 7 patients in the normal 
baseline group showed less than 1 per cent 
variation from the baseline value during 
treatment. This accounts for the minor 
degree of variation between the mean 
absorption values found at midtreatment 
and at completion of therapy (Fig. 5). 
'The results in the remaining 29 normal 
baseline subjects having greater than 
1 per cent increased or decreased absorp- 
tion from base levels are graphically 
presented in Figure б. At midtreatment, 
18 subjects had increased absorption levels 
and 11 exhibited a decrease; 9 maintained 
below baseline absorption levels during 
cobalt бо therapy, while r1 maintained 
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Fic. 4. Absorption results in 12 patients having an 
abnormal baseline. The curves represent the mean 
values for the number of patients indicated at the 
end of each line. 
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Fic. $. Serial bar graphs showing the mean values of 
absorption in 36 subjects with normal baseline 
who completed Co" therapy and 21 of whom were 
followed for eight weeks after Co" irradiation. 

above baseline absorption levels during 
this period. From this one would conclude 
that no consistent change in intestinal 
absorption occurs during cobalt 60 pelvic 
irradiation. 

Twenty-one patients examined at an 
average of eight weeks following comple- 
tion of cobalt 6o therapy account for the 
slightly increasing variation. from the 
baseline in Figure 5. Five subjects in this 
group had abnormal levels of absorption. 
Of particular interest is the observation 
that 4 of these had maintained normal 
levels throughout the period of therapy. 
Converselv, 3 subjects having normal 
levels at the eight weeks’ follow-up had 
shown abnormal absorptive levels during 
treatment. Figure 7 illustrates the mean 
absorption curves for the subjects varying 
more than 1 per cent above or below the 
original baseline findings. It would appear 
that an increase in the incidence and degree 
of absorption depression has occurred at 
the time of the follow-up study. This, we 
believe, reflects the expected delayed effects 
of cobalt 6o irradiation on the intestine. 

We recognize that at this time accurate 
statistical evaluation is impossible because 
of the small number of patients. From this 
series, however, one can postulate that, in 
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Fic. б. Line graphs showing the average values of 
oleic acid I?! absorption at designated intervals 
during Соё? irradiation. Seven subjects showed less 
than : per cent variation from the baseline 
throughout the treatment period. The numerals 
at the end of each line indicate the number of sub- 
jects varying т per cent or more from the baseline. 


the early phase of treatment with the 
application of 1,700 to 2,200 r to Point B, 
there is, in some cases, an augmentation of 
intestinal absorption. This may be the 
result of increased intestinal vascularity or 
perhaps of prolongation of intestinal transit 
time. An explanation for the appearance of 
early depression of absorption may lie in 
the converse of this statement. Either 
condition may exist according to individual 
variation. 

Of particular significance, however, is 
the low incidence of depression to abnormal 
levels. This relates to at least one important 
clinical aspect. The maintenance of good 
nutrition is recognized as a most important 
factor from the standpoint of efficacy of 
therapy and also of postirradiation recov- 
ery. Therefore, the absorption of fats is of 
definite value and, in this study, we have 
shown little alteration of absorption and no 
evidence of irreversible change during the 
time intervals studied. 

Realizing that the full extent of the 
effects on tissue from ionmizing radiation 
may not appear for six months or longer? 
it is our intention to extend this study: 
Protracted follow-up examinations will be 
made in an effort to determine the inci- 
dence and degree of intestinal malabsorp- 
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tion of fats in patients receiving deep pelvic 
irradiation. 


SUMMARY 


Periodic oleic acid D?! intestinal absorp- 
tion studies have been carried out at 
pre-planned intervals during the course of 
pelvic irradiation of 48 patients having a 
diagnosis of carcinoma of the cervix. 
Twenty-one of these patients, followed for 
a period of eight weeks after cobalt 60 
irradiation, have provided follow-up stud- 
les. 

Evaluation of these absorption studies 
indicates that a very low incidence of 
depression to abnormal levels occurs during 
therapy, at completion of treatment, or at 
eight weeks after cobalt 60 irradiation. 
These findings appear somewhat contrary 
to those in the majority of earlier reports. 
One can hypothesize that this negative 
finding may be related to the tissue e sparing 
effect of cobalt 60 gamma radiation as 
compared to the effects of the heterogene- 
ous beam generated by orthovoltage equip- 
ment and utilized in prior clinical studies. 

Extended follow-up studies are planned 
for evaluation of any delaved effects 
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Fic. 7. I oleic acid absorption results eight weeks 
after Co? therapy. The mean values for patients 
varying т per cent or more from the baseline are 
shown. The numerals at the ends of the lines indi- 
cate the number of patients. Three patients 
showed less than 1 per cent variation from the 
baseline. 
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incident to cobalt 6o teletherapy, and it is 
also proposed to studv the intraindividual 
and interindividual range of normal fat 
absorption in nonirradiated individuals. 
Jack K. Goodrich, M.D. 
Department of Radiology 
University of Mississippi Medical Center 
Jackson, Mississippi 

ADDENDUM 

Since the acceptance of this paper for 
publication, additional post-treatment oleic 
acid I?! absorption studies have been per- 
formed on the above group of patients. 
Thirty-eight patients have now been stud- 
ied at 8 weeks post therapy, 34 at 19 weeks 
and 22 at 31 weeks. The follow-up evalua- 
tlons were terminated when 12 of the sub- 
jects appeared for study at 43 weeks post 
therapy. 

The absorption results of each group 
were subjected to statistical analysis using 
the Student T test for the level of signifi- 
cance of deviation from the baseline. No 
statistically significant alteration of in- 
testinal fat absorption occurred during 
therapy, on completion of treatment or at 
intervals of 8, 19, 31 and 43 weeks post 
therapy. The mean value of the baseline 
study agreed with values of normal pub- 
lished in the literature, and the variation 
of one standard deviation above and below 
the mean coincides closely with the pub- 
lished range of normal. It is felt that suffi- 
cient time has elapsed during the study 
period to encompass any anticipated de- 
Javed effect which might be mirrored in the 
fatty acid absorptive capacity of the in- 
testine. 
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MAMMOGRAPHY OF BREAST SARCOMA* 


By S. M. BERGER, M.D., and J. GERSHON-COHEN, M.D., D.Sc. (Med.) 


PHILADELPHIA, PENNSYLVANIA 


SARCOMA of the breast is uncommon, 
comprising less than 1 per cent of all 
mammary malignancies. Botham ef a/.,? at 
the Mavo Clinic, report 1 sarcoma to every 
100 mammary carcinomas. Of approxi- 
mately 500 malignant lesions of the breast 
studied roentgenographically by us, 3 pri- 
mary sarcomas and 4 metastatic lympho- 
sarcomas of the breast were found. 


Sarcoma may arise in the fibrous tissue of 


the breast or in the fibrous tissue of a 
fibroadenoma.” Cases have been reported 
which illustrate the growth of spindle cell 
sarcoma in the wall of a cyst, but more fre- 
quently sarcoma arises from an intra- 
canalicular fibroadenoma. The gross ap- 
pearance is that of a well-circumscribed, 
partially or wholly encapsulated growth 
with lobulation of the exterior surface. The 
cut surface is smooth, glistening, firm and 
may be homogeneous or whorled. 

In the Mayo Clinic study,® primary sar- 


comas occurred in the following order of 


frequency: (1) fibrosarcoma, (2) rhabdo- 
myosarcoma, (3) osteogenic sarcoma, (4) 
malignant mixed tumor of the breast, (5) 
malignant fibrosarcoma and carcinoma, 
and (6) liposarcoma. 

Peripheral encapsulation, which so fre- 
quently occurs, appears both roentgeno- 
graphically and as a distinct 
feature, and consists of primary tumor cells 
which are compressed, flattened and con- 
centrically arranged. However, in the more 
anaplastic lesions, the areas of pseudo- 
encapsulation are less evident, with a 
tendency towards invasion of the con- 
tiguous mammary tissue or musculature. 


grossly 


REPORT OF CASES 


Case 1. C945, a thirty-nine year old female, 
was admitted to the hospital with a large non- 
tender mass in the upper outer aspect of the left 
breast, present to the patient's knowledge for 





only two weeks. A physical examination per- 
formed nine months previously revealed no 
masses. There were no appreciable skin changes 
and the axilla appeared normal. 

Roentgen examination (lig. 1) revealed a 
single nodular mass with indistinct margins 
measuring 3 cm. in diameter without any evi- 
dence of adjacent infiltration. The possibility 
of medullary carcinoma was suggested. 

The pathologist described a soft mass with 
no appreciable capsule, irregularly spherical, 
measuring 3 cm. in diameter. A medullary 
carcinoma was thought to be present at exami- 
nation of the frozen section, but the paraffin 


Vic. 1. Case 1. A thirty-nine year old female with a 
single nodular mass in the upper outer aspect of 
the left breast. There is no evidence of adjacent 
infiltration. Diagnosis: fibrosarcoma, 


* From the Department of Radiology, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennsylvania. 
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identified as fibrosarcoma. The 


axillary lymph nodes were not involved. 


section was 


Case и. C1096, a seventy-three year old 
female, noted a non-tender mass in the left 
breast five days previous to her admission to the 
hospital. A large mass was palpable, somewhat 
irregular and firm, and measured 4X3 cm. in 
diameter, 

The roentgen examination (1 


g. 2) revealed a 
circumscribed mass, with no evidence of skin 


involvement or adjacent infiltration. A possible 





diagnosis of medullary carcinoma was sug- 
gested. 

The biopsied tissue was reported by the 
pathologist 
arising from a fibroadenoma. There was no 


lymph node involvement. 


to be a fibrosarcoma, possibly 


Case ut. C1413, a fifty-eight year old female, 
noted a large non-tender mass in the right 
breast six weeks prior to physical examination. 
A mass 2X25 cm. was found in the axillary 
tail of the breast; it extended into the axilla and 
felt hard and smooth. There was no skin reac 
tion. 

The roentgen examination (Fig. 3) revealed a 
sharply circumscribed rounded mass which 
was believed to be a benign fibroadenoma. 





Fig. 2. Case п. A seventy-three year old female with 


а circumscribed mass in the left breast and with 
no evidence of skin involvement or adjacent in- 
filtration. Diagnosis: fibrosarcoma, possibly aris- 
ing from a fibroadenoma. 
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Case ш. 
sharply circumscribed mass in the upper outer 


Fic. 3. \ fifty-eight year old female with a 
aspect of the right breast. No skin or subcutane- 
ous infiltration is present. The marginal outline of 
Rbroadenoma. Diagnosis: 


the mass suggests a 


lymphosarcoma. 


\ well-encapsulated mass 2 cm. in diameter 
was removed by the surgeon and was reported 
by the pathologist to be a lymphosarcoma. 
There was involvement of the adjacent pectoral 
and axillary lymph nodes. 


Case 1v. C3324, a forty-seven year old pa 
tient, was admitted to the hospital with a 
diagnosis of widespread metastatic involvement 
of the lung fields and abdomen with ascites and 
an enlarged liver. She had been aware of a mass 
in the left for the past twenty years. 
freely 
cm. in 


breast 
Physical examination revealed a hard, 
measuring 13X23 
diameter behind the left nipple. 

The roentgen findings (Fig. 4) showed an 


movable nodule 


irregularly marginated mass behind the left 





nipple, diagnosed as a possible malignancy. 


Biopsy revealed a lymphosarcoma. 


Case v. C3892, a forty-one year old female, 
noted a non-tender mass in the left breast for 
the first time four months after a negative phys- 
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‘1c. 4. Case ту. A forty-seven year old female with 
in irregularly marginated mass behind the left 
nipple regarded re 'entgenographically as a possible 
malignancy. Diagnosis: lymphosarcoma. 


cal examination. A firm mass, freely movable, 
1on-tender, and measuring 2 cm. in diameter 
vas found in the upper outer quadrant of the 
eft breast. There was no evidence of adjacent 
kin fixation or axillary lymphadenopathy. 

Roentgen studies (Fig. 5.7) indicated a fairly 
vell-defined, dense, soft tissue mass which ap- 
eared to be а fibroadenoma. 

The mass removed by the surgeon was 24 
m. in diameter- lobulated in appearance 
ind, upon gross examination, was thought to 
ve benign. The pathologist reported this lesion 
o be a markedly hyalinized and edematous 
ibroadenoma. 

The patient returned four months later with 
t recurrent mass at the site of the previous op- 
ration. À firm, movable, non-tender mass was 
ound measuring 5X6 cm. 
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The roentgen examination at this time (Fig. 
$В) again revealed a mass similar to the prev- 
ious study in all details except that it was con- 
siderably larger. The pathologist described the 
mass as active proliferating dense scar tissue, 
bur still primarily a fibroadenoma. 

The patient was again readmitted to the 
hospital three months later with a recurrent 
mass at the same site. The pathologist at this 
time reviewed the previous slides and felt that 
they suggested the possibility of fibrosarcoma. 
A simple mastectomy with excision of a por- 
tion of the pectoralis major was performed and 
the pathologist made a final diagnosis of fibro- 
sarcoma. 


Case vi. C4588, a forty-nine year old female, 
had had a biopsy of a breast mass two years 
previously which was diagnosed as lympho- 
sarcoma. In February of 1959, extensive lym- 
phadenopathy and hepatomegaly were noted. 
She was treated with leukeran and her general 
response was excellent. She had an exacerba- 
tion of symptoms and was again treated with 
leukeran with no appreciable improvement. In 
\ugust of 1960, the patient reported a mass in 
her right breast. 

The roentgen study (Fig. 6.7) revealed a very 
well-defined mass in the right breast. Although 
we had felt that this configuration was sugges- 
tive of a cyst or fibroadenoma, we suggested the 
possibility of a well-circumscribed lymphosar- 
coma, A course of roentgen therapy Was pro- 
posed both for its diagnostic and therapeutic 
value. The mass disappeared following the ad- 
ministration of 1,000 rad delivered with cobalt 
бо radiation which was sharply collimated to 
the area of the mass. Repeat mammography 
(Fig. 6B) confirmed the clinical impression 
that the mass had completely responded to 
therapy. However, a new mass, not present 
previously, was identified at this time. Another 
course of cobalt therapy was initiated at this 
site and the response again was dramatically 
good. It is now one year since her last treatment 
and no further involvement has occurred. 


Case уп. C4839, a forty-eight year old fe- 
male, was admitted to the hospital with a 
diagnosis of generalized lymphosarcoma. She 
responded well to chemotherapy initially, but 
gradually became resistant both to corticoids 
and chemotherapy. 

The roentgen findings (Fig. 7) showed ex 
tensive bilateral axillary lymphadenopathy 
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lic. 5. Case v. (4) A forty-one year old female with a fairly well-defined mass in the left breast which was 
roentgenographically consistent with the appearance of a fibroadenoma. (B) The mass recurred four 


months after removal and was roentgenographically and microscopically considered as recurrent fibro- 


adenoma, When the mass recurred a third time, three months later, all the slides were reviewed and the 


lesion was re-interpreted as fibrosarcoma, 


and an intramammary sharply defined mass in 
the upper outer aspect of the left breast which 
was shown to be an area of lymphosarcoma. 
This patient expired of widespread disease 
shortly after we saw her. 


DISCUSSION 


All of the cases cited above showed a 
similar roentgen appearance—whether pri- 
mary sarcoma, such as fibrosarcoma, or 
generalized lymphosarcoma with mammary 
involvement. Each of the 
strikingly dense and well marginated and 


lesions was 


there was no evidence of invasive or in- 
filtrative activity. The irregular, spicu- 


lated, marginal outline characteristic of 


scirrhous carcinoma was not present in any 
of these cases." 

Another striking feature was the in- 
creased tissue density. This was evidenced 
to such a degree that, even in those breasts 
in which mazoplasia and adenosis were also 
present, the were 
easily discernible and differentiated; by 


sarcomatous masses 


contrast, some carcinomas are similar in 
density to the surrounding tissue and may 
not be so readily apparent.” ° 

The rapidity of the growth of sarcomas 
was still another striking feature’ (Cases v 
and vi). Serial roentgen studies over a 
period of several weeks revealed such rapid 
growth that the possibility of an inflam- 
matory collection in an abscess or the ac- 
cumulation of fluid in a cyst had to be 
eliminated. This rapid growth rate con- 
trasts strikingly with that observed in 
cancers previously reported by us.? 

Another feature of sarcomas was the ex- 
tremely well-defined marginal outline. In 
lymphosarcoma, this feature was prac- 
tically indistinguishable from the sharp 
marginal outline of a benign cyst.* Fibro- 
sarcoma, on the other hand, while well 
marginated, tends to be minimally irregu- 
lar and lobulated like ibroadenoma. 

With sarcomas, the measured phvsical 
size and the measured roentgen size are 
approximately the same. This is in con- 
trast to carcinomas, where the physical size 
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A) A forty-nine 


"IG. 6. Case ут. 


generalized lymphosarcoma, This resolved completely following 1, r cobalt 6 


Recheck mammography reveals complete regression of the mass or 


year old patient having a 


very well-defined mass in the right breast with 
radiation therapy. (B) 
noted in 4; һом ever, it also 





shows a new mass that similarly responded to subsequent cobalt radiatior. 


s larger than that measured on the roent- 
renogram. 

Lymphosarcoma is radiosensitive; there- 
ore, a therapeutic test of irradiation can 
›гоу1де a diagnostic test as well. Case vt is 
llustrative of this point. 

In the differential diagnosis, the roent- 
renologist must consider cysts which have 
sharp outlines. However, cysts are gen- 
‘rally scattered throughout both breasts, 
ind are characteristically soft and fluc- 
мапе to palpation. Primary sarcoma is not 
io well marginated and is clinically more 
irm. 


which resemble 
comas, tend to be bosselated and are asso- 


Fibroadenomas, sar- 
ciated frequently with diffuse adenosis and 
coarse calcification scattered throughout 
both breasts. None of our cases contained 
the fine clumps of calcific deposit which 
are known to intraductal and 
scirrhous carcinomas. 

The differentiate 
grossly between specimens of giant fibro- 
idenoma and phylloides; 
therefore, it is rot surprising that the 
radiologist should experience similar dif- 
ficulty.* 


occur in 
pathologist cannot 


cystosarcoma 
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Fic, Case уп. Lateral view of the breast of a 
forty-eight year old female revealing multiple 
conglomerate sharply circumscribed masses due to 
extensive involvement of the breast and axillae by 
lymphosarcoma. 


Although medullary carcinomas may re- 
semble sarcomas because they may be well 
defined, this type of carcinoma will fre- 
quently have infiltrating tissue 
springing from the margin, an appearance 
which is not observed in sarcomas. And, 


some 


of course, other features such as punctate 
calcification and distortion of the perifocal 
tissues due to infiltration and reaction are 
seen in these cancers, whereas there is only 
displacement of surrounding tissues in 
sarcomas. 
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SUMMARY 


Sarcoma of the breast is a rare lesion. 
The roentgenographic appearance of sar- 
coma is that of a large, dense, rapidly grow- 
ing, well-defined mass. It is not infiltrative 
and tends to resemble benign lesions such 
as cysts and fibroadenomata. The history 
of rapid growth should put the roentgen- 
ologist on guard and lead him to urge a 
diagnostic even though the 
lesion may resemble a benign process on 
the roentgenogram. 


resection, 


>; M. Berger, M.D. 

Albert Einstein Medical Center 
Northern Division, X-Ray Department 
Philadelphia 41, Pennsylvania 
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BREAST CANCER * f 


FIVE YEAR RESULTS: 


TWO RANDOM SERIES OF SIMPLE 


MASTECTOMY WITH POSTOPERATIVE IRRADIATION 


VERSUS EXTENDED RADICAL 


By SIGVARD KAAE 


COPENHAG 


N RECENT vears there has been much 

disagreement as to the treatment of 
breast cancer, especially in operable cases. 

After Halsted and Willy Mever, in 1894, 
introduced the routine vse of radical mas- 
tectomy in operable breast cancer, this was 
the normal method in most clinics until 
about twenty years ago, although many 
have supplemented it with preoperative 
and/or postoperative radiotherapy. 9! 

During the last two decades attempts to 
improve the therapeutic results have fol- 
lowed two different courses: (1) A more 
limited operation supplemented by heavy 
postoperative radiotherapy, the operation 
usually being simple mastectomy (Mc- 
Whirter') or in the case of small tumors 
merely excision of the growth (Musta- 
КаШо!?); heavy and very prolonged radio- 
therapy alone has also been used, without 
any operation (Baclesse*, Lenz!"). Mc- 
Whirter is the chief advocate of the sys- 
tematic use of simple mastectomy with 
heavy postoperative irradiation to the chest 
wall, axilla, supraclavicular region, and 
internal mammary chain on the operated 
side. (2) An extension of the Halsted opera- 
tion to include also dissection of the supra- 
clavicular and/or internal mammary lymph 
nodes (Dahl-Iversen,? Urban," Wangen- 
steen!"), 

To this day there is a divergence of opin- 
ion regarding the value of these modalities 
viz., whether simple mastectomy with post- 
operative roentgen irradiation by the Mc- 
Whirter method gives late results compar- 
able to those of mastectamy with axillary 
dissection and whether the extended radical 
operations afford better results than the 
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ordinary radical mastectomy. The main 
reason why it has not so far been possible 
to evaluate the various forms of treatment 
is that the series of cases which have been 
compared have not been ideally matched. 
Results have been compared partly from 
different hospitals and partly from different 
periods of time in the same hospital. Even 
in the latter case, there is no guarantee that 
the series are comparable. In clinics where 
the therapeutic principle has remained the 
same, the therapeutic results have im- 
proved from each five vear period to the 
next,^*^ no doubt for two reasons: (a) the 
patients are on the whole presenting them- 
selves at an earlier stage of their disease and 
(b) the criteria of operability have been 
restricted." 

In order to obtain two comparable 
groups, all new cases of breast cancer 
admitted to the Radium Centre, Copen- 
hagen, since November, 1951 have been 
divided into two groups. This applies, 
however, onlv to patients domiciled in 
Copenhagen. On arrival, the patients were 
given a case number, odd numbers being 
assigned to Group A and even numbers to 
Group B. This gave two approximately 
equal groups. In Group A the therapeutic 
principle in operable cases was simple mas- 
tectomy, carried out at the Bispebjerg 
Hospital, Department A, with postopera- 
tive roentgen irradiation by the Mc- 
Whirter" method at the Radium Centre, 
In Group B the therapeutic principle was 
extended radical mastectomy with dissec- 
tion of the lymph nodes in the supraclavicu- 
lar region and the second to fourth inter- 
costal spaces by the method of Dahl- 


* From the Radium Centre (Director: Prof. Jens Nielsen), Copenhagen, Denmark. 


Supported by a grant from The Danish Anti-Cancer League. 


Presented at the Forty-third Annua! Meeting of the American Radium Society, Colorado Springs, Colorado, May 16-14, 1961. 
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Iversen.2"" This operation was carried out 
at the University Hospit: al, Department C, 
and no postoperative radiation was ad- 
ministered. Inoperable patients and the 
few operable patients who refused surgery 
were treated, in both groups, by radiation 
or hormones. 

Thus, all patients were examined pri- 
marily at the Radium Centre, where the 
staging was carried out, and all were fol- 
lowed up at the Radium Centre. Staging 
was done in part according to the inter- 
national clinical staging and in part accord- 
ing to Haagensen. 

During the period Novenber, 195! to 
1957, a total of 333 cases were assigned to 
Group A in which the treatment of oper- 
able cases was mastectomy with postopera- 
tive roentgen irradiation, while 335 were 
assigned to Group B, i.e., extended radical 
mastectomy in operable cases. The thera- 
peutic results up to December 31, 1959 
were analyzed, and in all cases, excepting 
one, the patients were traced. The follow- 
up period was three years in 295 and 296 
cases respectively and five years in 182 
cases in each group. In other words, the 
time of observation is still rather short, 
but since no other clinics have comparable 
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groups of this nature, the pr eliminary re- 
sults are probably of interest. 

'The age distribution in the two groups 
was approximately the same, 22 per cent 
being in the age group seventy to ninety- 
four years. 

The total material, comprising 333 pa- 
tients assigned to Group A on a basis of 
odd history numbers and 335 patients 
assigned to Group B on a basis of an even 
terminal digit, revealed practically identical 
results (Table 1). Thus, the three year sur- 
vival was 67 per cent and 66 per cent re- 
spectively and the five year survival 54 per 
cent and 55 per cent respectively, the three 
vear recurrence-free survival 55 per cent 
and 49 per cent respectively, aud the five 
vear recurrence-free survival 44 per cent 
and 38 per cent respectively. 

Table n shows the stage distribution 
according to the revised classification of 
the Unio internationalis contra cancrum.? 

We have classified the cases into operable 
and inoperable groups according to criteria 
similar to those of Haagensen.’ This class- 
ification was done preoperatively in order 
to be able to compare the results of simple 
mastectomy plus postoperative irradiation 
with those of extended radical mastectomy 


Тави I 


TOTAL MATERIAL 





Three-Year Follow-up 





Five Year Follow- -up 














Recurrence- Recurrence- 

No. of Survival free No. of Survival free 

Cases (percent) Survival Cases (per cent) Survival 

(per cent) - (per cent) 
All Cases Group A — 295 67 55 182 54 44 
Group B 296 66 49 182 55 38 
Operable cases Group A 259 7 62 1бо бї со 
Group В 249 7 59 146 64 46 
Clinical Stage 1 cases Group A147 82 73 9$ 71 62 
Group В 142 85 то 83 76 57 
Operable minus Stage 1 cases Group A 112 63 46 65 46 32 
Group B 98 61 42 63 48 32 





Group A: The therapeutic principle in operable cases was simple mastectomy with postoperative roentgen irradiation by the Mc- 


Whirter method, 


Group B: The therapeutic principle in operable cases was extended radical mastectomy by the method of Dahl-Iversen. 
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Taste II 


STAGE DISTRIBUTION OF ALL CASES 








Group A Group B 
Total No. 333 335 
Stage 1 51% 48% 
Stage п 16% 15% 
Stage rit 27% 28% 
Stabe 1v 6% 9% 


alone. Therefore no corrections have been 
made on the basis of the findings at opera- 
tion. The operable groups including Stage 
1, Stage п and parts of Stage її account 
for 87 per cent Group A and 81 per cent 
Group B cases. 

In the operable groups the three vear 
survival (Table 1, Fig. 1) was 73 per cent 
and 75 per cent respectively, the five vear 
survival 61 per cent and 64 per cent re- 
spectivelv, the three vear recurrence-free 
survival (Table 1, Fig. 2) 62 per cent and 
50 per cent respectively, and the five vear 
recurrence-free survival £o per cent and 46 
per cent respectively. 

In Stage 1 (Table 1) the three year sur- 
vival was 82 per cent and 85 per cent re- 
spectively, the five year survival 71 per 
cent and 76 per cent respectively, the three 
year recurrence-free survival 73 per cent 
and 70 per cent respectively, and the five 
year recurrence-free survival 62 per cent 
and §7 per cent respectively. 

In the operable cases minus Stage т, £.e., 
Stage п and the operable part of Stage in 
(Table 1), the three year survival was 63 
per cent and 61 per cent respectively, the 
five year survival 46 per cent and 48 per 
cent respectively, the three vear recurrence- 
free survival 46 per cent and 42 per cent 
respectively, and the five vear recurrence- 
free survival 32 per cent in both groups. 

Not all the patients of the operable 
groups received the treatment scheduled 
for the groups (Table 1). All Group А 
cases were to have been treated by simple 
mastectomy and postoperative roentgen 
irradiation by the McWhirter method, 
which, however, was carried out in only 
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Pic. 1, Survival in operable cases. 

= Group A: The therapeutic principle 
was simple mastectomy with postoperative roent- 
gen irradiation by the McWhirter method. 

-- Group B: The therapeutic principle 
was extended radical mastectomy by the method 
of Dahl-Iversen. 


76 per cent. No operation was performed in 
12 per cent as the patients were biologically 
inoperable due to senility or concomitant 
diseases and 2 per cent refused operation. 
In the remaining то per cent the patients 
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Vic. 2. Recurrence-free survival in operable cases. 
——— Group A: The therapeutic principle 
was simple mastectomy with postoperative 
roentgen irradiation by the McWhirter method. 

Group B: The therapeutic principle was 

extended radical mastectomy by the method of 

Dahl-Iversen. 
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SURVEY OF TREATMENT IN OPERANLE CASES 





Group A 
Total 291 
McWhirter’s method 766, 
Biologically inoperable cases 12% 
Refused operation 29 
Orher exceptions 10% 


wished to be treated in other hospitals; in 
most cases simple mastectomy or a classic 
Halsted operation with postoperative ir- 
radiation was performed. These cases are 
included in the total series, but are excluded 
in comparing the end results of the Mc- 
Whirter treatment with those of extended 
radical mastectomy. 

In Group B the patients of the operable 
group were to have extended radical mas- 
tectomy. Seventy-six per cent were admit- 
ted to the Surgical Department C of the 
University Hospital to have this operation 
which was carried out in all except 25 
cases or 12 per cent of the 206 cases. At 
operation 15 proved technically inoperable, 
8 were in too poor condition for extended 
radical mastectomy, and 2 refused to have 
extended radical mastectomy. Instead, 
they had simple mastectomy, in some cases 
with partial excision of the lymph nodes, 
and postoperative roentgen irradiation. 
Thirteen per cent did not have operation 
because of biologic inoperability, 7.e., ad- 
vanced age or concomitant diseases, and 
1 per cent refused. Again, 10 per cent of the 
patients desired treatment in other hospi- 
tals and in most cases simple mastectomy 
or a classic Halsted operation with post- 
operative irradiation was performed. These 
are included in the total series, but are ex- 
cluded in comparing the end results of the 
McWhirter treatment with those of ex- 
tended radical mastectomy. 

Thus the number of patients who had 
treatment differing from the schedule was 
то per cent in each group, and the reasons 
were unrelated to the stage of the cancer. 
The operable cases of Group A who had 


Group B 
Total 271 


Extended radical mastectomy 
Biologically inoperable cases 
Refused operation 1% 
Other exceptions 


simple mastectomy with postoperative 
roentgen irradiation by the McWhirter 
method, and Group B cases who had ex- 
tended radical mastectomy, or less exten- 
sive surgery if they proved inoperable at 
operation, may be considered comparable 
groups without any systematic selection, 
There were no postoperative deaths and 
only one patient was untraced in the group 
with extended radical mastectomy. 

There was no difference between the 
therapeutic results in these two groups 
(Table ту, Fig. 3 and 4). The three year 
survival was 78 per cent and the five year 
survival 66 per cent in each group, the 
three vear recurrence-free survival 68 per 
cent and 67 per cent respectively, and the 
five year recurrence-free survival $$ per 
cent and §4 per cent respectively. In Stage 
1 the three year survival was 93 per cent 
and 8g per cent respectively, the five year 
survival 74 per cent and 77 per cent respec- 
tively, the three year recurrence-free sur- 
vival 79 per cent and 77 per cent respec- 
tively, and the five yeah recurrence-free 
survival 65 per cent and 63 per cent respec- 
tively. In the operable cases minus Stage 1, 
the three year survival was 66 per cent 
and 62 per cent respectively, the five year 
survival $3 per cent and 49 per cent respec- 
tively, the three year recurrence-free sur- 
vival 52 per cent and so per cent respec- 


tively, and the five year recurrence-free 
survival 38 per cent and 39 per cent re- 
spectively. 


About 22 per cent of all patients were 
seventy years of age and over, and a large 
number of these elderly patients was oper- 
ated upon. No correction has been made in 
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Tame IV : 


COMPARISON OF MCWHIRTER'S METHOD AND EXTENDED RADICAL MASTECTOMY 


Three Year Follow-up 


No. 

of 
Cases 

Operable cases MeWhirter’s method 192 
Extended radical mastectomy 151 


Clinical Stage 
| cases 


MeWhirter's method 
Extended radical mastectomy 11 
Operable minus MeWhirter's method 23 
Stage 1 Cases Extended radical mastectomy — 66 


the analysis, not even for patients who have 
died without evidence of recurrence. There- 
fore, the results of the two therapeutic 
methods in the operable groups were analy- 
zed separately for patients under seventy 
years of age (Table v). In this respect too, 
the results in the two groups were almost 
the same: three year survival 78 per 
cent and 76 per cent respectively, five 
vear survival 68 per cent and 65 per cent 
respectively, three year recurrence-free 
survival 68 per cent and 61 per cent respec- 
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Vic. 3. Survival in operable cases. 
— Treatment: Simple mastectomy with 
postoperative roentgen irradition by the McWhirter 
method. 

- — — — Treatment: Extended radical mastec- 
tomy by the method of Dahl-Iversen. 

(1) Clinical Stage т cases. (П and Ш) Operable 
cases minus Stage 1 cases, /.е., Stage 11 cases and 
the operable part of Stage ти cases. 





Vive Year Follow-up 


Recurrence- Recurrence- 
Survival free No. Survival free 
(per cent) Survival of (percent) Survival 
(per cent) Cases (per cent) 

78 OX 124 bb 55 

78 h- 129 bh 54 

хб 70 77 4. 65 

87 77 OX 77 б; 

бб 52 47 $5 38 

62 50 4! 49 39 


tively, and five year 
vival $$ per cent and 49 per cent respec- 
tively. In Stage 1 the three vear survival 
was 87 per cent and 89 per cent respec- 
tively, the five vear survival 77 per cent and 
79 per cent respectively, the three vear re- 
currence-free survival 8o per cent and 78 
per cent respectively, and the five vear re- 
currence-free survival 67 per cent and 66 
per cent respectively. In the operable cases 
minus Stage 1 the three year survival was 65 


recurrence- free sur- 





recurrence-free survival 


cent 





ч ш T T f 
2 3 4 5 
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Fic. 4. Recurrence-free survival in operable cases. 
—— - Treatment: Simple mastectomy with 
postoperative roentgen irradiation by the Mc- 
Whirter method. 

- = = = = Treatment: Extended radical mastec- 
tomy by the method of Dahl-Iversen. 

(1) Clinical Stage t cases. (II and 111) Operable 
cases minus Stage 1 cases, £e, Stage и and the 
operable part of Stage i11 cases. 
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Tante V 


COMPARISON OF MCWHIRTER's METHOD AND EXTENDED RADICAL MASTECTOMY 


Age <70 Years 


No. 

of 
Cases 

Operable cases MeWhirter's method i77 
Extended radical mastectomy 186 


Clinical Stage — MeWhirter's method 102 
I Cases Extended radical mastectomy 101 
Operable minus McWhirter’s method 75 
Stage 1 Cases $ 


Extended radical mastectomy 8; 





per cent and 60 per cent respectively, the 
five year survival $3 per cent and 49 per 
cent respectively, the three vear recurrence- 
free survival 52 per cent and 41 per cent 
respectively, and the five vear recurrence- 
free survival 38 per cent and 31 per cent 
respectively. 

The incidence of local recurrence of the 
chest wall, in the axilla, and in the supra- 
clavicular region on the operated side was 
not higher following simple mastectomy 
with postoperative roentgen irradiation by 
the McWhirter method than following 
radical mastectomy (Table v1). 


Thus, the preliminary comparison of 


simple mastectomy plus postoperative 
roentgen irradiation by the McWhirter 
method with extended radical mastectomy 
by Dahl-Iversen's method shows no definite 
difference in therapeutic results. This does 
not, however, justify the conclusion that 
the same will apply after a longer follow-up, 
e.g., ten years. It could be possible that 
simple mastectomy with postoperative irra- 
diation might be followed bv a relatively 
larger number of late recurrences. Mc- 
Whirter's own results, however, militate 
against this possibility. 


SUMMARY 


Since November, 1951, all new patients 
with breast cancer from Copenhagen ad- 
mitted to the Radium Centre, have been 


Three Year Follow-up 


Five Year Follow-up 


Kecurrence- 


Recurrence- 
Survival free No. Survival free 
(per cent) Survival of (percent) Survival 
(per cent) Cases (per cent) 
-8 bX III 63 55 
-h бї 113 b5 49 
x= 8o 66 77 67 
ко T8 5% 79 66 
hs 52 a$ 53 38 
^o 4! 55 49 31 


divided into twò groups. In one group the 
operable cases had simple mastectomy with 
postoperative roentgen irradiation by the 
McWhirter method. In the other group the 
operable cases had extended radical mas- 
tectomy by the method of Dahl-Iversen. 
The preliminary therapeutic results show 
no definite difference between the results 
of the two methods. 


Sigvard Kaae 
The Radium Centre 
Copenhagen, Denmark 
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THE MEASUREMENT OF BUILD-UP ON CURVED 
SURFACES EXPOSED TO СО” AND CS BEAMS* 


By R. S. BUSH and Н. E. JOHNS 


TORONTO, CANADA 


HERE have been a number of in- 

vestigations of skin reactions follow- 
ing supervoltage irradiation. А recent 
paper by Liegner and Michaud’ includes 
most of the pertinent references on this 
subject. 

It is well known that the dose variation 
in the first few millimeters of depth de- 
pends upon the electron contamination in 
the beam which, in turn, depends upon 
the tvpe of collimator used to control the 
radiation.” Since the dose variation in the 
superficial layers can seldom be predicted 
accurately from one machine to another, 
it is usually necessary to perform physical 
measurements of build-up in conjunction 
with clinical investigations of the skin 
reactions.! Most build-up studies in the 
past have involved the use of radiation 
directed normal to the skin surface and 
only a little information? is available con- 
cerning the dose build-up when the beam 
strikes the skin almost tangentially, that 
is, at angles of incidence close to go”. Dose 
build-up under conditions of tangential ir- 
radiation will be discussed in this paper. 

One clinical condition involving tan- 
gential irradiation is that encountered 
when the chest wall is irradiated following 
removal of the breast. It is usual to treat 
the chest wall using two opposing pairs of 
fields. The angle of incidence of the beam 
varies from point to point over the cylin- 
drical-like chest wall approaching до? 
(tangential) along a line midway between 
the two fields. Under these circumstances 
it is quite impossible to estimate the dose 
distribution in the superficial layers from 
published data since most of them apply 
to normal incidence. In addition, there is 
no general agreement as to whether a bolus 
should or should not be used when a tan- 


gential technique is employed for the 
treatment of the chest wall with Со" or 
Cst radiation. 

To investigate the relative advantages 
of bolus versus no bolus, extensive meas- 
urements have been made of the dose 
distribution in the superficial layers for 
single and parallel opposing fields applied 
to a phantom shaped like a chest wall. Our 
findings indicate that for Co optimum 
distributions are obtained using full bolus, 
while for Cs'* bolus should only be used 
for a half of the treatment series. A better 
distribution can be obtained using Со?" in 
this way than can be achieved with Cs'?7, 


EXPERIMENTAL METHOD 


All dosimetry was performed using Adox 
KB 14, a single emulsion photographic 
film with an emulsion thickness of approxi- 
mately 8 д and a total thickness of 125 д. 
A number of strips of film were exposed on 
a phantom as described below. After ex- 
posure, these strips were loaded into 
standard 35 mm. developer reels and were 
developed together in a large tank. De- 
velopment was in D-76 for ten minutes 
at 68? F., with agitation every ten seconds. 


The phantom, on which the films weree—" 


exposed, was made by pouring paraffin wax 
into a plywood shell (Fig. 1). 4 central 
groove 37 mm. wide and 5 mm. deep along 
the curved surface allowed a number of 
strips of film to be exposed simultaneously. 
For some experiments, lucite strips were 
used to separate the layers of films when 
it was anticipated that the dosage gradient 
would be small. The film had to be isolated 
from both the lucite strips and the paraffin 
wax to prevent blackening by Cerenkov 
radiation. 

The film was exposed to the beam in a 


* From the Ontario Cancer Institute and Department of Medical Biophysics, University of Toronto, Toronto, Canada. 
Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 10-14, 1961. 
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Vic. т. Paraffin wax phantom. Point А is the apex of the curved surface; Points B and B’, C and C’, 
D and D’ are 2, 4 and 8 cm., respectively, from the midline. 


darkened room so that no light could reach 
it. The irradiation was given from one side 
only for a measured period of time using 
a 10X15 cm. cone. Films for dose density 
calibration. were exposed normal to the 
center of the beam. 

The accuracy of film dosimetry for this 
work was checked in the following ways: 


(a) To check the response of the film for 
various angles of incidence, a depth 
dose distribution was obtained as fol- 
lows: A single film held at right angles 
to the surface of a water phantom was 
exposed to a vertical beam of radia- 
tion. Then a series of calibration films, 
placed at the equilibrium depth, were 
exposed for a series of times with the 
beam normal to the surface. The den- 
sities of these calibration films were 
plotted as a function of time (and 
hence dose) and were used to determine 
the depth dose from the single film. The 
depth dose agreed with published data 
for Co™ indicating that the response of 
film did not depend upon the angle of 
incidence of the radiation. 

By using a series of films packed to- 
gether with thin spacers, the dose dis- 
tribution for the first few millimeters 
was determined for С5' and is shown 
in Figure 4. This dose build-up curve 
was in agreement with measurements 
made on the same cesium unit using a 
thin walled ionization chamber,’ thus 
indicating that film dosimetry is satis- 
factory for the build-up region, 


(b) 





RESULTS 

Cobalt 60. Figure 2 shows the dose distri- 
bution in the superficial layers of the curved 
phantom at the entrance and exit sides of 
the phantom. The dosage is plotted as a 
function of depths measured normally from 
the surface under the points A, B, C, D and 
B’, C', D' of Figure 1. Doses are expressed 
as a percentage of the air dose with full 
build-up measured at the end of the treat- 
ment cone. Depths are given in millimeters 
for unit density material. Depth scales run 
from right to left for the exit measure- 
ments and from left to right for the en- 
trance measurements. 

Curve A represents the build-up under 
the apex of the chest wall at a place where 
the field is exactly tangential. The maxi- 
mum dose is reached at approximately 1.5 
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Fig. 2. Measured dose distribution as a function of 
depth for both the entrance and exit portion of the 
field using a Co" field (10X15 cm.) directed onto 
the phantom shown in Figure 1. The letters refer 
to the positions shown in Figure 1. 
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mm. depth and is 73 per cent of the given 
air dose at 80 ст. The apex of the phantom 
is то ст. from the end of the treatment 
cone; hence, not considering scatter, the 
dose should be (80/90)? 100 — 79 per cent. 
However, there are several factors which 
lower the dose below the calculated one. 
The axial ray from the machine actually 
has to penetrate about 1.5 cm. of tissue to 
reach the point 1.5 mm. below A, so some 
absorption will take place tending to lower 
the dose. Scatter from points below the apex 
will tend to raise the dose slightlv. Evident- 
ly this latter effect is less than the former. 

At B, the beam enters more nearly at 
right angles and the point of equilibrium 
is reached at a greater depth, approxi- 
mately 2.6 mm. The maximum is lower than 
the calculated value for the same reasons. 
Point D receives radiation almost normal 
to the surface but, because it is near the 
edge of the field, the dose is only go per 
cent of the maximum value, Similar curves 
are obtained for points В’, C’ and D’. 

If the curves for B and В’, ete., are added 
together, the dosage distribution obtained 
is identical to that which would result 
from two parallel opposing Co" beams 
directed on the phantom with a separation 
of 20 ст. The results are shown in Figure 
3, where the dose at various depths is 
shown as a function of distance from the 
midline. For any one depth the dose varies 
by about s0 per cent over the curved sur- 
face, with the peak dose at the apex. The 
dose variation with depth at any one posi- 
tion varies by an even larger factor. 

Cesium 137. Figure 4 shows the dose 
distribution for Cs", corresponding to 
Figure 2 for Co", As with Co^", the maxi- 
mum value under the apex of the curved 
surface ($4 per cent) is less than the value 
caleulated by the inverse square law 
(35/45)! —60 per cent. For tangential ir- 
radiation (Point A) the point of electronic 
equilibrium is not at the surface, but at a 
depth of 0.65 mm. 

Note that, in this case, the surface dose 
at D is greater than at A, while with Co™ 
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Fic. 3. Resultant dose at various depths for two 
Co” fields (15X10 cm.) applied to the curved 
chest wall with a separation of 20 cm. 


the reverse was true. This is due to the 
differences in source to skin distance for the 
two machines. 

The addition of the doses received at B 
and В’, etc., gives the dosage distribution 
which would be obtained from two parallel 
opposing fields separated by 20 cm. The re- 
sultant distributions are shown in Figure 5. 

DISCUSSION 

The physical aim in irradiation of the 

chest wall is to deliver as homogeneous a 








Vic. 4. Measured dose distribution as а function of 
depth for both the entrance and exit portion of the 
field using a Cs"? (1015 cm.) field directed onto 
the phantom shown in Figure 1. The letters refer 
to the positions shown in Figure 1. 
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Fic. 5. Resultant dose at various depths for two 
Cs! (15X10 ст.) fields applied to the curved 
chest wall with a separation of 20 cm. 


dose as possible throughout the irradiated 
tissue. It can be seen from the above re- 
sults that, when bolus is not used with 
Co", the superficial layers of the skin re- 
ceive much less radiation than the tissues 
a few millimeters deep. If we assume the 
basal laver of the epidermis to be at a 
depth of 0.07 mm., then the dose to these 
cells with Co® is less than 7o per cent of 
the maximum dose which is attained at a 
depth of 2.0 mm. In addition, the varia- 
tion in dosage over the chest wall is some 
40 per cent, which is much larger than 
the то per cent variation acceptable to 
many radiotherapists. 

Figure 6 shows the resultant distribu- 
tion through the tissue for any depth if 
full bolus is used with Co. This is a cal- 
culated curve based on published depth 
dose data. The dose variation. throughout 
the tissue is small and can be readily 
calculated for any field separation. How- 
ever, the skin sparing effect of Co** radia- 
tion is lost. If one attempts to lessen the 
skin reaction by giving the first half of a 
series of treatments without bolus and the 
second half with bolus, the spread be- 
tween surface dose and depth dose differs 
by more than то per cent, as illustrated 
in Figure 6. 
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Fic, 6. Dose distribution using full bolus and dose 
distribution when bolus is used for half of the treat- 
ments. Irradiation by two (10X15 em.) Co" fields 
separated by 20 cm. treating the curved chest wall. 


Figure 7 shows similar results for Cs. 
The use of a full bolus does not give a 
homogeneous dose across the curved sur- 
face, although the spread is not quite as 
large as when no bolus is used (Fig. 5). To 
obtain a homogeneous dose at any one 
depth, it becomes necessary to carry out 
half the treatments with bolus and the 
other half without, as demonstrated in 
Figure 7. To obtain this homogeneity 
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Vic. 7. Dose at various depths using a partial or full 
bolus (Cs'?, parallel opposing fields). 
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with position one loses some homogeneity 
with depth. Now the spread of dosage from 
the surface to a depth of 1.0 mm. is 
greater than 10 per cent but this is much 
less than with the other two possible treat- 
ment methods. 

The phantom used was solid and no effort 
was made to take into account the effect 
in lung tissue. With Co and Cs'* side 
scatter is unimportant, so that the dose 
as measured at A A’, B B', C C' in our 
phantom should be very nearly the same 
as the dose measured in a patient. In the 
average patient the line D D’ might pass 
through a little lung tissue and the dose at 
these points might be higher than meas- 
ured in our experiments. 


SUMMARY 


In the irradiation of the chest wall follow 
ing removal of the breast, 1t is usual to use 
tangential fields. However, there has been 
no agreement as to whether bolus should 
or should not be employed. Under condi- 
tions of full bolus, the dose mav be esti- 
mated readily from isodose curves, but 
with no bolus little information concern- 
ing the dose in the superficial lavers of the 
skin has been available. Extensive measure- 
ments on a cylindrical phantom using thin 
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emulsion films exposed to both Co? and 
Cs! radiation have been made. This study 
shows that with Co" a better distribution 
of radiation is obtained when bolus is 
used. For Cs'* the most satisfactory dis- 
tribution is obtained using bolus for half 
the series of treatments and no bolus for 
the rest. 


H. E. Johns 

'The Ontario Cancer Institute 
500 Sherbourne Street 
Toronto 5, Canada 
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ACTINOMYCIN D AND RADIATION ТНЕКАРҮ* 


By EDWIN J. LIEBNER, M.D. 


CHICAGO, ILLINOIS 


INCE we are in an era of combined 

cancer therapies, the radiation therapist 
should be acquainted with the combination 
of actinomycin D, an antibiotic, and radia- 
tion therapy. Various practitioners. will 
certainly confront the radiotherapist with 
suggestions for its use. One should. possess 
a basic knowledge of its properties, com- 
plications, potentialities and limitations 
before adequate recommendation for use 
or rejection can be given. In addition to 
practical criteria for using the drug, com- 
ments will be presented resulting from re- 
cent tissue culture studv. 


HISTORICAL DEVELOPMENT 


А common query 1— what is actino- 
mycin D? In 1940, Waksman and Wood- 
ruff”? derived actinomycin, a red pigment, 
using an ether extract of a culture broth, 
from a soil organism, Actinomyces antili- 
oticus. In modern classification the name 
has been changed to Streptomyces antibioti- 
cus. Subsequently, actinomycin has been 
shown to be a common antibiotic product 
of the soil Streptomyces. During the period 
1941 to 1958, at least 11 different species 
names have been given to the producing 
cultures. Waksman e£ al.” have classified 
the culture actinomycin producing strains 
into three basic types: (a) chromogenic 
with straight sporophores, (b) nonchrom- 
ogenic with straight sporophores, and (c) 
nonchromogenic with coiled sporophores. 
In 1954, Manaker e al. reported the ac- 
tinomycin D complex from Streptomyces 
parcullus. This culture is a nonchromogen 
with spiral sporophores. 

The complexes derived from the various 
cultures had differences in their chemical 
properties and these were designated by a 
letter: viz., А, B, С, D, Е, J, 1, M, X and Z. 
The culture method, age of culture, and 
the nitrogen source of the culture medium 


used are important factors influencing the 
biosynthesis. 

Preparations of actinomycin are a mix- 
ture of chemical entities in varying propor- 
tions. Waksman and Tishler? gave the 
chemical nature as a ро]усуйс nitrogen 
compound. The variations are limited to 
substitutions among the amino acids of the 
peptide chains. A distinct pure chemical 
actinomycin has been designated by Waks- 
man e£ al. by Roman numerals т to уп, 
Actinomycin D is composed of actino- 
mycin iv. [In 1957, a chemical structure was 
given to actinomycin D by Bullock and 
Johnson! (Fig. 1). For a detailed clarifica- 
tion of the nomenclature of the actinomy- 
cins, reference should be made to an article 
by Waksman and co-workers." An excel- 
lent monograph on the actinomycins was 
published in 1960.77 

The antibiotic activity of the actino- 
mvcins led to their discovery but their ex- 
treme toxicity prevented their general use 
against infectious agents. Because of this 
toxicity, investigators turned their studies 
to the cytotoxic action of the actinomycins 
on various tumors and tissues. Earlier in- 
vestigators had shown detectable levels of 
inhibition upon the growth of sarcoma 180 
in the mouse.'**" Recently, Mihich ez al.” 
compared the cvtocidal activity when 
sarcoma 180 was transplanted from treated 
donor mice into untreated recipient mice. 
Of the eight drugs studied, actinomycin D 
was one of the two that proved to be the 
best tumor inhibitor." [n 19:6 Eagle and 
Foley’ reported the cytotoxic activity of 
actinomycin D zz vitro in 6 established cell 
lines derived from human or mouse normal 
and neoplastic tissue. Smith et a7? re- 
ported on the cytotoxicity of a group of 
antibiotics, chemicals and solvents on a 
tissue culture KB strain. of epidermoid 
carcinoma cells. Actinomycin D was the 


* From the Department of Radiology, College of Medicine, University of Illinois, Chicago, Illinois. 
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nost cytotoxic agent tested (IDy 
=6X10%yg./ml.). In none of the early 
animal or tissue culture work was the drug 
combined with irradiation. 

In 1957, Hackman and Schmidt- 
Kastner,” while noting the suppression of 
the grówth of Ehrlich carcinoma, com- 
mented on the cytostatic effect of the lym- 
phatic system. Earlier, clinical trials were 
carried out with actinomycin C (sana- 
mycin) in Hodgkin's disease.” The gen- 
eral conclusion was that the drug caused 
a transient objective effect in some cases. 
Farber ef 4/.,"* ^ after demonstrating inhibi- 
tion of tumor growth in certain mouse and 
rat neoplasms by actinomycin D, conducted 
clinical studies that showed beneficial re- 
sponses in Wilms’ tumor, rhabdomyosar- 
comas, Ewing’s sarcoma and Hodgkin's 
sarcoma. Tan e a/.** reported on 111 cases 
of children with metastatic cancer. Their 
conclusion was that a slight but definite 
effect was present in producing regression 
of tumors. The best results were in the 
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Wilms’ tumor and lymphoma groups. 
Watne and his associates? treated 132 
adult patients with advanced malignancies. 
Using actinomycin D alone, they noted 
temporary objective regression of tumor 
masses in 22 of 132 patients. 

THE SKIN, RADIATION THERAPY, 

ACTINOMYCIN D 


AND 


Interest in combined actinomycin D and 
radiation treatment developed when the 
drug was given to some of the patients 
receiving radiation therapy. An increase in 
skin effect was noted as compared with the 
usual dose of radiation, and previous sites 
of irradiation were reactivated if the inter- 
val between radiation treatment and a sub- 
sequent course of the drug was not too 
long. Thus, the concept of radiation effects 
being enhanced or potentiated by actino- 
mycin D was emphasized by D’Angio et 
al! from their observations on rats and 
humans. Tan and her group” noted in- 
creased radiation response in 18 of 28 pa- 
tients who had Wilms’ tumor or neuro- 
blastoma. 

The author has been able to demon- 
strate the increased skin effect of radiation 
induced by actinomycin D on Sprague 
Dawley rats weighing approximately 0.25 
kg. each. The backs of the rats were ir- 
radiated bv means of an electron. beam 
from a 700 kv., С. E. resonance generator, 
I.3 uà at 2 feet from the window with a 


dose of approximately 3,000 rads being 





after rat received electron 
and saline intraperitoneally. 


Fic. 
beam 
Control animal. 


2. l'ourteenth day 
irradiation 
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Fic. 3. Fourteenth day after rat received electron 


irradiation and actinomycin D intra- 


peritoneally. 


beam 


given. Figure 2 shows the skin changes 
present on the fourteenth day after irradia- 
tion in the control animals which received 
only saline injections intraperitoneally. 
Figure 3 is a photograph of one of the ani- 
mals, also on the fourteenth dav, which 
received 12.5 ug. of actinomycin D the day 
prior to irradiation intraperitoneallv, and 
the same dose two hours before and again 
twenty-four hours after irradiation, for a 
total of 37.5 ug. per 0.25 kg. rat in three 
days. By comparing the rats one can easily 
note the more extensive, uniformly acceler- 
ated skin reaction in the drug treated ani- 
mal. This result was achieved in our third 
trial of the experiment. During the first 
experiment the drug dose was too high and 
the animals died before the skin changes 
were optimal. The second experiment en- 
tailed administering the drug on days 
following irradiation and we experienced 
difficulty in demonstrating a difference be- 
tween the groups. These errors have some 
clinical applications, as will be mentioned 
later. 

When first using the drug, the radio- 
therapist may experience some disappoint- 
ment or surprise over the skin changes that 
occur. In our clinical case material with 
over 50 courses of actinomycin D adminis- 
tration, we did not at all times see a marked 
enhancement of the ervthema of the treated 
skin. This discrepancy between findings in 
humans and animals and the reports in 
the literature caused a skin testing of pa- 
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ic. 4. Patient undergoing skin test of irradiation to 
study the effect of added actinomycin D. 


tients to be done. It was hoped that it could 
be determined which patient would re- 
spond or whether a time interval was im- 
portant. Figure 4 shows a patient receiving 
a skin test dose. Three vertical skin portals 
were used, 3 cm. in diameter. The superior 
one received 700 г, the middle one 300 г 
and the lower one 500 r. The radiation used 
was 100 kv., half value layer 1.0 mm. Al at 
20 cm. distance. There were 24 patients 
who received such testing prior to the intra- 
venous administration of actinomycin D 
and again during the course of the drug 
therapy. Figure 5 demonstrates the find- 
ings in a typical patient. On the right side 
one can see the test that was done one week 
before any drug was administered. On the 
left is the skin test on the fifth dav of the 





Fic. 5. The left side shows the effect of the drug 
causing a near uniform response for the range of 
radiation doses given. The right side done before 
the drug administration shows only a gradation 
effect. See text. 
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ourse of actinomycin D therapy. The left 
shows all portals, even the one to which 300 
r was delivered, being equally activated. 
The right side is being reactivated by the 
drug, but, since the test was done earlier 
when there was no influence of the drug, 
only a gradation of effect is noted. Figure 
6 shows the thigh of a child who had Wilms’ 
tumor and who was treated with combined 
actinomycin D and radiation. Again the 
severe reaction of all portals to the levels 
of vesiculation and early desquamation are 
seen. This result cannot be obtained with 
irradiation alone even in the area to which 
700 r is delivered. 

Figure 7 shows the reactivation phenom- 
enon that can occur in a previously irradi- 
ated skin field when actinomycin D is given 
after a reasonable interval and with еНес- 
tive dosage. The child had a massive recur- 
rence of a mesonephroma in the pelvis 
following two surgical procedures. Six and 
three months previously, she received 
courses of actinomycin D and irradiation. 
The usual erythema for each course of 2,000 
rads given to the skin was noted. A tempo- 
rary clinical regression was obtained, but, 
when the left kidney became obstructed, it 
was decided to give additional actinomycin 
D and to irradiate the left pelvis, using a 
skin portal superior to the one previously 
used. However, after only 550 rads to this 
posterior portal in two weeks, there was not 
only mild erythema, but the older lower 





Fic. 6. Skin test of child's thigh. Received combined 
drug and radiation therapy for Wilms' tumor of 
left kidney. Early vesiculation and desquama- 
tion in all portals were noted from doses of 700 r, 
300 rand soo г, left to right, respectively. 
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Fic. 7. Skin changes resulting from repeated courses 
of actinomycin D and irradiation. Three year 
old female child who had a massive recurrence of 
a mesonephroma following 2 surgical procedures. 
A mild reaction can be seen in a superior portal, 
but the marked change is the reactivation of 
treatment fields used 3 to 6 months previously. 


midline treated fields showed excessive 
erythema and early vesiculation, more than 
at any earlier treatment period. 

As there has been some variability in 
the degree and frequency of these skin 
changes, some of the factors necessary to 
produce them can be mentioned. Since 
actinomycin D is a toxic drug, dosage has 
to be sufficient in order to observe signs of 
this clinically, of which the skin change is 
one. With low dosage one is less likely to 
see these effects. Our adult patients have 
regularly shown the skin effects while re- 
ceiving 1 mg. a dav for five days. A four 
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Fic. 8. Abdomen of a four and one-half year old 
female who received 1,000 rads to the left upper 
quadrant by a 10X15 cm. portal and actinomycin 
D therapy. Increased erythematous response is 
present, but the drug and adhesive dressings 
caused areas of skin outside the treated field to 
become denuded. 


and one-half year old white female with 
Wilms’ tumor had severe skin reaction and 
other signs of toxicity after receiving 225 
ug. per day for five days (one course). 
Other pediatric patients have had 2'"courses 
and have failed to show any striking skin 
etfects. Perhaps individual tolerance or 
hypersensitivity to the drug may be a 
contributing factor. It is also probably 
important that a definite time interval be- 
tween the administration of the drug and 
the subsequent irradiation be observed. 
Skin changes are more readily produced if 
actinomycin D is given intravenously two 
to four hours preceding the irradiation. 
Ranniger and Griem" advocated this treat- 
ment schedule in a report in which they 
described experimental animal results. 
Changes are less likely to occur if the 
interval is too long since the drug concen- 
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tration is reduced in the body: If giver 
some time after the irradiation, the effect 
of the drug is lost. Lastly, as mentioned 
earlier, the actinomycins are a chemical 
mixture and variations may be produced 
in manufacturing the drug. Freshness of 
the actinomycin D should also be ensured 
and sunlight should be avoided when the 
material is stored. 

It might be of benefit to comment on 
other aspects of skin involvement that can 
occur while using combined actinomycin D 
with irradiation. Figure 8 shows the abdo- 
men of a child who had immediate post- 
operative irradiation for a Wilms’ tumor of 
the left upper quadrant only, through a 
loX1« cm. field. She received 1,000 rads 
and an unexpected moderate ery thema de- 
veloped. The denuded areas of skin, re- 





Fic. 9. Same child as in Figure 8, 5 days later. 
Note areas of reaction from adhesive dressing and 
actinomycin D on abdomen and left arm. Radia- 
tion was given only to a 10X15 cm. left upper 
quadrant field. 
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sulting fróm the adhesive bandages, were 
not in the treated field. Figure 9 shows the 
same child five davs later, with extensive 
changes over the left mid-arm from ad- 
hesive bandages which were used to main- 
tain intravenous fluids. The early radiation 
skin changes can be minor compared with 
the reaction to the adhesive bandages am- 
plified by a drug effect. We advise that no 
adhesive dressings be used if a child is on 
actinomycin D therapy. Another side effect 
that can occur is a mild stomatitis (Fig. 
10). 'This was seen in 20 per cent of our 
cases. When giving the drug intravenously, 
it should be diluted sufficiently and extra- 
vasation into the surrounding tissues must 
be avoided. In only 1 of our cases did this 
happen and a moderately severe indura- 
tion of the tissues resulted (Fig. 11). This 
reaction quickly subsided and has left no 
sequela. In 3 of our patients there was a 
rather severe alopecia observed (Fig. 12). 
The alopecia was reversible with rapid 
restoration to normal (Fig. 13). The patient 
shown in Figures 8, 9, and 14 has been seen 
over a vear and a half now and shows no 
evidence of any late potentiation effect. 

It must be mentioned that these skin 





Fic. 10. Two year old male child, who received 
actinomycin D and radiation therapy for in 


completely removed Wilms’ tumor, demon- 


strating stomatitis from the drug. 
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Fic. 11. The left antecubital fossa of a child in 
which some of the drug extravasated. These 
changes were reversible and no sequela resulted. 





Fic. 12. Severe alopecia produced by actinomycin 
D ina child with Wilms' tumor (same patient as in 
Figures 8 and 9) one month after course of the 
drug. She received a total of 1.2 mg. over 5 days. 
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IHE ADDITIVE EFFECT OF ROENTGEN 
RAYS AND ACTINOMYCIN D 


Since there seemed to be a universal 
effect on the skin outside the treatment 
field, the thought occurred that perhaps 
the skin was a specific end target for the 
drug. Perhaps potentiation of roentgen ray 
effects by the drug was only additive. Since 
there were only a few studies of combined 
radiation and drug 7» vitro therapy, a tis- 
sue culture experiment was carried out. 

Previously Cobb and Walker? showed in 
tissue cultures that the hela cell was least 
affected by the drug alone. Chan and 
Liebner? reported their results with com- 
bined drug and radiation therapy. Figure 
15 shows a hela cell culture (an epidermoid 
carcinoma of human cervix) after exposure 
to 200 r. Figure 16 is the hela cell culture 
after administration of actinomycin D, 





Fic. 13. Same child as in Figure 12, with full restora- 
tion of hair growth. Photograph was taken 6 
months after drug therapy. 


changes are the most spectacular complica- 
tions that occur with the use of actino- 
mycin D. However, the most frequent side 
effects are nausea and vomiting which have 
occurred in over 9o per cent of our patients. 
Antiemetic drugs give mild relief as a rule. 
Next in frequency is a depression of the 
white blood cell count. At least 40 per cent 
of the patients showed a leukopenia. The 
average low figure was about 3,000, and 
one child had a count of 1,100, but he was 
receiving large field therapy for metastatic 
lung disease. The leukopenic changes 
proved to be reversible in our experience. 
The usual fields used did not require us to 
lower our total radiation dosages signifi- 
cantly, but only occasionally to modify demonstrating full recovery and no sequelae. 
our dose rate when the patient was on Иси mas erent end wifitu the wench, ЫЛ 
actinomycin D and marked skin changes photograph was made 6 months after drug 
were present. therapy. 





Fic. 14. Abdomen of child shown in Figure 8 and 9, 
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0,001 mg? per ml. Compare these changes 
to those of combined drug and radiation 
therapy (Fig. 17). By the seventh day 
regenerated cells can be seen (Fig. 18). 
Table 1 is a brief summary of the protein 
determinations as observed in our experi- 
ment.'^?: The greatest inhibition of protein 
synthesis was noted twenty-four hours 
after irradiation, with moderate recovery 
manifested at seventy-two hours. When 
compared with the controls, groups treated 
by actinomycin D or radiation alone gave 
values 74 to 89 per cent of normal. The 
combined therapy of drug and radiation 
gave 50 to 58 per cent of normal protein 
values, thus producing the greatest inhibi- 
tion of protein synthesis. It is the author’s 
opinion that these results are more addi- 
tive than potentiative in nature. Schoeniger 
et al.” have also recently reported that the 
concept of potentiation could not be sub- 
stantiated in their tissue culture and ani- 





Fic. 15. Hela cell culture 3 days after exposure to 
electron beam or 240 kv. (200 r). 
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Fic. 16. Hela cell culture 3 days after actinomycin D 
therapy, 0.001 mg. per ml. 


mal experiments. However, Maddock et 
al? have concluded from their experiments 
with combined actinomycin D and radia- 
tion therapy of Ridgeway osteogenic sar- 
coma in mice that the results were much 
more than additive when compared to the 
control group or the groups receiving 
actinomycin D or irradiation alone. 

As a result of the effect of combined ir- 
radiation and actinomycin D on the hela 
cell i vitro, a small clinical pilot study has 
been instituted in Stage ти carcinoma of the 
cervix cases. Perhaps more additive effects 
can be obtained in the parametrial regions, 
if technical and toxic difficulties are not 
too great. 

The mechanism of the action of actino- 
mycin D has been studied with the use of 
specific microbiologic bioassay systems.’ 
Foley’s results indicate that the drug in- 
hibited pantothenate utilization and sug- 
gested an interference with the synthesis 
and/or biologic activity of co-enzyme A. 
Cobb and Walker? commented on the re- 
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seventy-two hours to seven days. ик, 
surgery are well nearly two vears after 
treatment. To illustrate several features, a 
brief summary is given of a case of rhabdo- 
myosarcoma of the neck in a seven year old 
male. 


ILLUSTRATIVE CASE 


P.S., a seven year old white male, was first 
seen on August 1, 1960 with a large mass in 
the left side of the neck extending to the mid- 
line (Fig. 19). A tracheotomy tube was present 
and a laryngectomy scar was noted. The past 
history disclosed that he had had these sur- 
ical procedures in the early fall of 1959. Patho- 
logic study revealed a tissue diagnosis of rhab- 
domyosarcoma originating from the larynx. 
Biopsy of the recurrent large mass was also in- 
terpreted as rhabdomyosarcoma. The patient 
received actinomycin D, 0.2 mg. per day for 
five days, and this course was again repeated 
two weeks later. The drug was given intra- 





Fic. 17. Hela cell culture 3 days after exposure to 
combined irradiation and actinomycin D therapy. 


duction of nucleolar size in drug treated 
cells and stated that these changes may be 
explained by actinomycin D acting as a 
metabolic inhibitor, producing a catabolic 
state. Animal experiments on the toxicity 
of the drug have shown that the spleen, 
lymphoid tissue, and the intestinal epi- 
thelium are the most sensitive sites of 
damage. Thus, there is a resemblance to 
ionizing radiations and nitrogen mustards. 

Actinomycin D as a cancerocidal agent is 
somewhat limited by its toxicity. A pre- 
liminary summary of our material is being 
reported by Liebner, Kirkpatrick and 
Rosenthal. Some improvement was noted 
in the cases of undifferentiated sarcoma, 
Hodgkin's sarcoma, the mesonephroma and 
Ewing's tumor. This was followed, how- 
ever, by secondary resurgence and growth. 
The cases of Wilms’ tumor which were 





ye. Fic. 18. Hela cell culture 7 days after combined ir- 
treated by nephrectomy, then radiation radiation and actinomycin D therapy, demonstrat- 


and actinomycin D therapy, beginning ing regenerated clones of cells. 
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-venously two hours before irradiation. Не ге- 
ceived electron beam therapy (21 mev.) through 
a single oblique portal 7X10 cm. from August 
3 to September 30, 1960. A total of 7,800 
electron beam units was given in 36 treatments. 
After receiving the first course of the drug and 
1,000 units of radiation in the first week of 
therapy, the mass had disappeared and there 
was a moderate erythema (Fig. 20). During the 
following two weeks, although radiation was 
being given, the erythema subsided, only to re- 
turn the following week when the drug was 
given again. To date, the child has been free of 
any recurrence and his general condition is ex- 
cellent. (Nov., 1961) 


SUMMARY AND CONCLUSION 


Actinomycin D is a toxic drug and it 
can cause a variety of ectodermal and mu- 
cosal reactions. Since the skin of the irradi- 
ated field has shown increased erythema, 
investigators suggest that potentiation of 
the radiation effects by the drug is respon- 
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с. 19. Massive recurrence of rhabdomyosarcoma 
of larynx ina 7 year old white male. One year pre- 
viously, he had a total laryngectomy for an early 
lesion. 
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IN VITRO EFFECTS OF COMBINED RADIATION 
AND ACTINOMYCIN D 


Results of three experiments on total protein 
determinations 


ug./ ml. 
Experi- Experi- Experi 
ment!  ment2 ment 3 
72 hr. 24 hr. 72 hr. 
Controls 401 393 404 
Electron beam, 200 r 446 187.5 463 
240 kv., 200 r 578.6 272.5 513 
Actinomycin D 434 223.5 438 
Actinomycin D and 
electron beam, 200 г 465 177.5 499 
Actinomycin D and 
240 kv., 200 r 504.3 151.5 441 


sible. However, one can observe excessive 
skin manifestations from adhesive dressing, 
trauma and extravasation of actinomycin 
D. These clinical observations and tissue 





liG. 20. Marked response to combined actinomycin 
D and electron beam therapy. Compare with 
Figure 19. See text. 
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culture studies have prompted us to be- 
lieve that the responses are additive. 

In regard to the clinical use of the drug, 
it is advocated that the dosage be sufficient 
to produce some signs of toxicity and one 
doubts if any benefit will be obtained on 
lesser dosage schedules. If the drug is to 
be used in conjunction with radiation 
therapy, it is advisable that it be admin- 
istered two to four hours before irradiation. 
From our tissue culture and protein deter- 
minations, it would seem best to give the 
drug every other day, trying to extend the 
administration as long as possible during 
the course of the radiation therapy. 

By using the drug alone, only temporary 
regression can be obtained. At present, 
there is nothing to indicate that total radia- 
tion dosages should be lowered. At times, 
the dose rate of radiation may have to be 
reduced temporarily during episodes of 
skin reactions or mild neutropenia if large 
fields are used. The toxic reactions have all 
been reversible with no evidence of late 
sequelae. The drug should also be admin- 
istered prophylactically for it is difficult to 
be sure that all the neoplastic cells are in 
the irradiated field. 

Childhood tumors have received the 
greatest interest, but a small pilot study is 
being made in cases of Stage 111 carcinoma 
of the cervix. 

Department of Radiology 
University of Illinois 


840 South Wood Street 
Chicago 12, Illinois 
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CLINICAL AND BIOLOGIC STUDIES OF ACTINO- 
MYCIN D AND ROENTGEN IRRADIATION * 


By GIULIO J. D'ANGIO, M.D. 


BOSTON, MASSACHUSETTS 


Ao INOMYCIN D is an antibiotic 

which has a carcinolytic effect on 
certain tumors in laboratory animals and 
in humans. 8-5?! An additional remark- 
able property is its ability to enhance the 
effects of roentgen irradiation in a diversity 
of biologic svstems. 

Gross and microscopic radiation reac- 
tions in the skin of normal mice appear 
earlier and are more pronounced when ani- 
mals receiving actinomycin D and roent- 
gen irradiation are compared to others 
receiving roentgen therapy alone.t Aug- 
mentation of radiation effects has also 
been demonstrated in transplantable ani- 
mal tumors. In a series of such experi- 
ments, mice bearing the Ridgeway osteo- 
genic sarcoma showed a better response to 
combined treatment than did those receiv- 
ing either modality alone; tumor regres- 
sion was more prolonged and survival time 
increased in the combined treatment 
group.” Therapeutic effects were the same 
when intervals ranging from ten minutes 
to twenty-four hours separated the admin- 
istration of actinomycin D and roentgen 
irradiation.” Augmented responses have 
also been demonstrated by Bases! and by 
Chan and Liebner? using tissue culture 
techniques. 

Radiation effects in normal human skin 
and mucous membranes also may be po- 
tentiated by actinomycin 0.297719 [In 
some individuals, the reactions develop 
earlier, progress at an accelerated pace and 
are more severe than after comparable 
doses of roentgen rays alone (Fig. 1). 
Actinomycin D can also reactivate “‘la- 
tent” radiation effects in tissues which have 
been previously irradiated but which have 


returned to a normal appearance in the 
interval (Fig. 2).? 

This combination of treatment modal- 
ities has been used as a part of extensive in- 
vestigations of carcinolytic substances un- 
der the direction of Sidney Farber.’ One 
of the largest groups of patients so treated 
is composed of children with Wilms' tumor. 
Many have widespread metastases, that is, 
with deposits in at least two lobes of the 
lungs or in two or more organ systems, and 
it is to this group that further discussion 
will be limited. 


TECHNIQUE 


The details regarding chemotherapeutic 
management have already been reported.’ 





1, A six year old girl in whom the cutaneous 
roentgen-ray reaction was enhanced by the intra- 
venous administration of actinomycin D. The first 
blush appeared after a skin dose of 520 r. At the 
time this photograph was taken, the estimated skin 
dose was 780 г. 


Tic. 
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The roentgen-ray treatment portals are de- 
signed to ensure coverage of all disease- 
bearing tissue without, at the same time, 
unnecessarily irradiating any adjoining 
normal developing structures. The tech. 
nical factors used are: 250 kv. (constant 
potential) о.4 mm. Sn, 0.25 mm. Cu, т 
mm. Al added filtration (half value laver 
of 2.7 mm. Cu), 15 ma., со cm. target-skin 
distance. When widespread lung metasta- 
ses are present, opposing anterior and 
posterior chest portals are emploved. 

The first day, a tumor dose of 75 r is 
delivered (as calculated at the midplane of 
the thorax). If well tolerated, this amount 
is increased to 150 r, which is then de- 
livered dailv to alternating fields until a 
total depth dose of 1,200 r is attained. The 
treatment portals are not restricted to 
those areas of involvement demonstrable 
on roentgenographic examination. Metas- 
tases in peripheral subpleural locations 
occur frequently and, when there are 
multiple lung deposits, are presumed to be 
present. whether visible roentgenographi- 
cally or not. All the lung parenchyma from 
the extreme apex to the most inferior recess 
of the thoracic cavity is included. It is our 
belief that the results are better when all 
potentially involved sites within the lungs 
are treated in the initial course of combined 
therapy. 

The shape of the portals is adjusted 
wherever possible to exclude normal struc- 
tures from unnecessary irradiation, a 
point of particular importance in chil- 
dren. The proximal humerus and glenoid 
fossa of each shoulder is shielded with 2 
mm. of lead. The spinal cord and the skin 
at the midline of the back also are pro- 
tected. À strip of lead 2 mm. thick and t 
cm. wide is emploved for the average pa- 
tient. The lead usually is placed directly 
on the skin and held in position with pieces 
of cellophane tape. The shoulder blocks are 
used for both the anterior and posterior 
fields, but the spinal cord shield is applied 
only when the posterior field is being 
treated. Adequacy of protection and of 
coverage is checked by roentgenograms 


Actinomycin D and Roentgen Radiation 





107 


Fic. 2. A four year old boy in whom there was re- 
activation of latent radiation effects in the skin. 
This child received combined roentgen-ray and 
actinomycin D therapy for left midlung and right 
paracardiac metastases. The skin reddened but 
soon returned to normal. Hepatic metastases be- 
came evident three months later, and roentgen-ray 
treatment of the liver combined with chemo- 
therapy was started. Simultaneously with the ad- 
ministration of actinomycin D, reactions reap- 
peared that coincided in size and distribution 
with the earlier treatment portals. 


(Fig. 3) obtained for each portal employed. 
They are taken with the child in the treat- 
ment position and on the therapy table. 


The exposures are made using the therapy 


tube but with the factors reduced appropri- 
ately for a diagnostic technique. These 
films provide a permanent record of the 
areas treated. 

Roentgen therapy of the thorax and of 
the entire abdomen becomes necessary at 
times as, for example, in a patient with 
bilateral pulmonary metastases in whom 
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Fic. 3. Posterior treatment portal employed for 
Wilms’ tumor metastases in the lungs. Lead 
shields protect the shoulders, midline of the back 
and spinal cord. A double exposure technique is 
used in taking the roentgenogram. The smaller, 
darker image (dotted lines) is that of the treated 
area. The larger, lighter exposure includes more 
anatomic landmarks to assist in orientation. A lead 
ruler notched at 1 cm. intervals is placed on the 
entry skin surface. It provides an easy means of 
correction. for magnification when changes in 
size or alignment of the field are to be made, as 
in this case where minor changes were neces- 
sary in the positioning of the shoulder protectors 
and in the width of the field to the left. 


the primary tumor ruptured during surgi- 
cal removal. It usually has been possible to 
proceed with chemo- and roentgen therapy 
(at the rate of 150 г tumor dose per day to 
each area) without precipitating excessive 
or irreversible leukopenia or thrombocyto- 
penia. The peripheral white blood cell count 
of an occasional patient falls below 2,000 
per cubic mm. or the platelets below 
150,000 per cubic mm. Combined treat- 
ment is then interrupted for a brief period 
to allow the patient to recover. Therapy 
has been resumed and completed in vir- 
tually every case. 
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tumor metastases to organs 


Wilms’ g 
other than the lungs occur infrequently and 
then almost always after pulmonary lesions 
have first become evident. The liver, skel- 
etal system, lymph nodes, brain, and 
spinal cord figure prominently as sites of 
possible involvement. Combined treatment 
with roentgen-ray doses of up to 3,000 r 
has been used for liver and central nervous 
system involvement, but only temporary 
control has resulted. Recurrence within 
four to twelve weeks has been the rule. 
More encouraging responses have been ob- 
tained in the few patients with metastases 
to lymph node or bone in addition to the 
pulmonary lesions. Continuing survival 
without recurrent disease for long periods— 
twenty months or more-—has been obtained 
in isolated instances. Roentgen-ray doses of 
1,200-1,500 r at depth are used. The treat- 
ment portal again is designed to cover all 
tissues known to be involved together with 
an adequate margin, but all normal struc- 
tures which can be avoided are scrupu- 
lously excluded from the field. 

Some patients require re-treatment of 
the thorax because of recurrent pulmonary 
metastases. Àn additional course of roent- 
gen therapy and actinomycin D is then 
given. The roentgen-ray dose is the same as 
before if three months or more have 
elapsed. When the interval is shorter, a 
depth dose of 820 г is given, since the addi- 
tion of another 1,200 r can lead to radia- 
tion pneumonitis. Some children respond 
favorably to a second course of therapy 
with disappearance of metastases and pro- 
longed survival without recurrence. Oc- 
casionally, the majority of lesions disap- 
pears but one or two foci prove refractory 
to treatment. Surgical removal may then 
become advisable. The prior roentgen-ray 
therapy does not preclude surgical inter- 
vention, which is sustained well by these 
children. Segmental resections have at 
times been successful in the eradication of 
the remaining disease. 


RESULTS 


Farber and co-workers!" have reported 


. 
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the therapeutic results obtained in 13 chil- 
dren with widespread metastases who re- 
ceived combined treatment. Five (38 per 
cent) remained free of disease for periods of 
two years or more after treatment. These 
patients, all of whom had roentgen irradia- 
tion of the chest, appeared clinically well, 
without growth disturbance of the bony 
thorax and without overt impairment of 
pulmonary function. 


SUMMARY 


Roentgen-ray effects in normal and neo- 
plastic tissues of mice are enhanced by 
actinomycin D. In humans, skin and mu- 
cous membranes sometimes react earlier 
and more strongly to combined treatment 
than to comparable doses of roentgen 
rays alone. Actinomycin D alone may re- 
activate latent radiation effects in skin 
which has been previously irradiated but 
which has returned to a normal appear- 
ance. Encouraging results using combina- 
tion therapy have been obtained in chil- 
dren with widespread metastases from 
Wilms’ tumor. The roentgen therapeutic 
aspects of their management are discussed. 


The Children’s Hospital 
Boston 15, Massachusetts 
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PRIMARY CARCINOMA OF THE PITUITARY* . 


Ву THOMAS Н. NEWTON, M.D., Н. JOACHIM BURHENNE, M.D., 
and ALPHONSE J. PALUBINSKAS, M.D. 
: SAN FRANCISCO, CALIFORNIA 


BREN pituitary adenomas represent 
approximately 15 per cent of all intra- 
cranial tumors, with massive extension out 
of the sella turcica occurring in about 10 
per cent of these patients. Primary car- 
cinoma of the pituitary, however, is a rare 
осситгепсе.1''10:2 Such rarity of true malig- 
nant pituitary adenomas is surprising when 
one considers the frequency of carcinomas 
of other endocrine organs, and the rela- 
tively common occurrence of carcinomas of 
the oral cavity from which the anterior 
pituitary is derived. 

A review of the records of the University 
of California Hospital, San Francisco, 
shows that in the ten year period from 1950 
through 1959, 93 patients with pituitary 
adenomas were seen. Of these, 47 were con- 
sidered benign chromophobe adenomas of 
which 20 were explored and proved histo- 
logically. There were 33 eosinophilic adeno- 
mas with acromegaly and 5 were thought 
to be basophilic adenomas. Eight patients 
were initially diagnosed as having pituitary 
carcinomas. Of this group, however, only 

4 patients were accepted by us as repre- 
sone true pituitary carcinomas since 
definite evidence of invasion of adjacent 
nervous structures or bone, or cellular 
anaplasia with frequent mitoses could not 
be demonstrated in the others. 


REPORT OF CASES 


Case 1. This thirty-nine year old white wo- 
man with combined fibrosarcoma and adeno- 
carcinoma of the pituitary had an eleven year 
history of acromegaly. She had had two courses 
of roentgen therapy ten yo before the diag- 
nosis of malignancy. 

'The patient was first seen at the University 
of Califarnia Hospital in November, 1946 at the 
age of twenty-eight years, complaining of 
progressive fatigue, episodes of blurred vision, 
amenorrhea of five months’ duration, and an 


increase in the size of her feet since pregnancy 
four years previously. 

Physical examination revealed typical acro- 
megalic, coarse facial features with prominent 
supraorbital ridges, and unusually large hands 
and feet. All other findings of the general and 
neurologic examinations, as well as visual field 
studies, were normal. 

Roentgenograms of the skull showed a de- 
pressed floor of the sella turcica with slightly 
thinned and straightened posterior clinoids 
(Fig. 1 4). 

The results of routine laboratory studies were 
normal except for slight elevation of the serum 
phosphorus level. 

A prolonged course of estrogen therapy was 
instituted and she was followed in the clinic 
until May, 1947. At that time a first course of 
roentgen therapy was given with a total esti- 
mated tumor dose of 2,570 r being delivered in 
thirty-two days through two lateral 6X6 cm. 
portals, using both 1,000 kv. and 200 kv. with 
half value layers of 9 mm. Си and 1.32 mm. Cu, 
respectively. 

Following irradiation she continued to have 
headaches and slight elevation of the serum 
phosphorus level. A second course of radiation 
therapy was therefore given in November, 1947 
with a tumor dose of 1,340 r in sixteen days 
through two lateral 6 by 6 cm. fields, using 200 
kv., 1.32 mm. Cu half value layer. 

The patient’s condition was then satisfac- 
tory for ten years. In April, 1957 she was re- 
admitted to the hospital because of headache, 
lethargy, and visual changes of a month’s 
duration. The only abnormalities found on 
physical examination were the acromegalic 
features and bitemporal field defects, most 
marked in the superior quadrants. The rest of 
the neurologic examination and appearance of 
the optic disks were normal. Routine labora- 
tory studies including cerebrospinal fluid pro- 
teins were normal. 

Skull roenrgenograms in March, 1957, a 
month before re-admission to the hospital (Fig. 
1 В) had shown che enlarged sella turcica un- 
changed from that observed during the exami- 
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Fic. т. Case 1. 4) November, 1946: Enlarged sella turcica with depression of floor and thinning of dorsum 





sellae. (В) March, 1957 





Slight increase of erosion of base of dorsum sellae. (C) April, 1957: Further erosion 


with apparent discontinuity of the dorsum sellae. Note small suprasellar extension and retention of rela- 


tively sharp cortical margins of floor. 


nation done ten and one-half years previously, 
with, however, a slight increase in thinning of 
the base of the dorsum sellae. Skull roentgeno- 
grams repeated at the time of admission showed 
further bone erosion of the dorsum sellae at its 
base. À pneumoencephalogram showed slight 
suprasellar extension of the tumor (Fig. 1 C). 

On April 26, 1957, a right frontal craniotomy 
revealed a fleshy tumor projecting out of the 
sella turcica, displacing both optic nerves and 
internal carotid arteries laterally. A portion of 
the tumor lying lateral to the optic nerves 
could not be removed. 

The tumor was composed of a stroma of small 
spindle cells with hyperchromatic, pleomorphic 
nuclei showing occasional mitotic figures. 
Scattered throughout this stroma were nu- 
merous nests and cords of larger cells with 
granular eosinophilic cytoplasm. The nuclei 
were hyperchromatic and pleomorphic and 
showed prominent mitotic activity. The lesion 
was considered to be a combined fibrosarcoma 
and eosinophilic adenocarcinoma of the pitui- 
tary (Fig. 2). 

Following surgery, the visual fields showed 
an initial improvement, but one month later 
the vision suddenly deteriorated. The patient, 
therefore, received a third course of roentgen 
therapy with a total tumor dose of 4,900 г 
delivered in fifty-eight days through two lateral 
and one anterior 5 by 5 cm. port, using 1,000 kv. 
with 2.4 Pb half value layer. During this treat- 
ment the visual fields progressively improved. 
There was slight residual flattening of both 
upper temporal quadrants. 


She was then without symptoms until No- 
vember, 1957 when continuous severe head- 
aches, nausea, and vomiting began. She became 
increasingly lethargic and died two weeks later. 
A postmortem examination was not performed. 


Case п. This fifty-six year old white man 
with chromophobe adenocarcinoma breaking 
through its capsule had a rapid return of symp- 
toms following surgery and radiation therapy. 
Death occurred six weeks after a second ex- 
ploration. 

The patient was first admitted to the Uni- 
versity of California Hospital in September, 
1956 complaining of decreased vision in the left 
eye of two months’ duration and slight frontal 
headaches. The only abnormal physical finding 
was a left temporal hemianopsia. No clinical or 
laboratory evidence of pituitary hypofunction 
was found. 

Roentgenograms of the skull showed the sella 
turcica to be slightly enlarged with deminerali- 
zation of the floor and posterior clinoids (Fig. 
3). Bilateral carotid arteriograms showed no 
definite abnormality. Routine laboratory studies 
were normal. The cerebrospinal fluid protein 
was 93 mg. per cent. 

A left frontotemporal craniotomy in Septem- 
ber, 1956 revealed a friable red neoplasm pro- 
jecting out of the sella turcica medial and 
anterior to the left anterior clinoid, displacing 
the left optic nerve superiorly. A subtotal re- 
moval of the tumor was accomplished, and the 
left optic nerve was decompressed. Micro- 
scopically, the tumor cells contained small 
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Vic. 2. Савет, Combined fibrosarcoma and eosinophilic adenocarcinoma of the pituitary. 


amounts of cytoplasm with pleomorphic nuclei 
showing frequent mitotic figures (Fig. 4). The 
cells lay in small nests surrounded by a stroma 
of branching strands of connective tissue. A 
diagnosis of anaplastic malignant chromophobe 
carcinoma of the pituitary was made, 





Fic. 3. Case п. Slight increase in sellar size with 
demineralization of floor and base of dorsum 
sellae. 


The patient received postoperative roentgen 
therapy with an estimated total tumor dose of 
{ооо г delivered in forty-seven days through 
two lateral and one frontal 5 by 6 cm. portal, 
using 1,осо kv., 3.2 mm. Pb half value layer. 
The vision improved considerably with a small, 
left upper tempora. field defect remaining. 

In May, 1927 the patient again noted gradual 
diminution of vision in his left eye. The left 
pupil was dilated and fixed, and a complete left 
temporal hem'anopsia was present. Vision in 
the left nasal field was markedly impaired and 
limited to light perception and recognition of 
large objects. Shear atrophy of the left optic 
nerve was noted. The remainder of the findings 
on neurologic examination was negative. 

At re-exploration, a fleshy, vascular, friable 
tumor which had broken through its capsule 
was found. [t elevated and displaced the chiasm 
posteriorly and flattened the left optic nerve. 
The tumor extended approximately 2 cm. 
anterior to the chasm. Subtotal removal with 
decompression of the left optic nerve was car- 
ried out. Microscopic examination showed 
sheets of cells with hyperchromatic, pleomorphic 
nuclei with frequent mitoses. These cells tended 
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Fic. 4. Case п. Marked pleomorphism of nuclei with prominent mitotic activity. 


to be arranged around small blood vessels. The 
tumor was again diagnosed as a pituitary chro- 
mophobe carcinoma. 

Following this second operation, no change 
in the visual fields occurred. Two weeks later, 
apathy, incontinence, left hemiparesis, and 
disorientation began to develop. He died six 
weeks after the second operation. A postmortem 
examination was not performed. 


Case ти. This fifteen year old white boy 
presented a three year history of headache and 
visual complaints. A chromophobe adeno- 
carcinoma invading midbrain, pons, and right 
cavernous sinus was found. Malignancy was 
established only at a third craniotomy following 
two subtotal resections of benign adenomas 
and one course of roentgen therapy. A rapid 
increase in the size of the sella turcica occurred 
immediately preceding the diagnosis of car- 
cinoma. 

The patient, born in November, 1944, was 
well until the spring of 1956 when he com- 
plained of left-sided frontal headache and 
retro-orbital pain. Examination at another 
hospital revealed a left centrocecal scotoma and 


suggestive hypopituitarism. Skull roentgeno- 
grams showed slight enlargement of the sella 
turcica with bony erosion at the base of the 
dorsum sellae and posterior displacement of the 
posterior clinoids. A pneumoencephalogram 
disclosed a suprasellar mass displacing the ante- 
rior portion of the third ventricle (Fig. $ 4). А 
right frontal craniotomy performed in June, 
1956 revealed a histologically benign chromo- 
phobe adenoma. The visual field defect cleared 
following a course of roentgen therapy with an 
estimated tumor dose of 3,000 r delivered in 
thirty days, using 200 kv. with a half value 
layer of 2.07 mm. Cu. 

The boy was then well until March, 1958, at 
which time he developed a right oculomotor 
palsy with dilated pupil, ptosis, and diplopia. 
Roentgenograms of the skull (Fig. 5 B) again 
showed enlargement of the sella turcica with 
slight depression of the floor and posterior dis- 
placement of the posterior clinoids. No signifi- 
cant change was noted from the examination 
made two years previously. Re-exploration in 
April, 1958 disclosed a granular, reddish tumor 
protruding out of the pituitary fossa and grow- 
ing up beneath and between the optic nerves. 


114 Thomas Н. Newton, Н. Joachim Burhenne and Alphonse J. Palubinskas Jaseay, 





1962 








Vic. 5. Case ти. GJ) June, 1956: Suprasellar extension is observed ona o)neumoencephalogram. Slight depres- 
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sion of the floor of the sella turcica and backward tipping of posterior clinoids are also noted. (B) April, 


1958: Appearance of the sella turcica essentially unchanged from previous examination, 


(C) July, 19:8: 


Marked depression of the floor of the sella turcica with encroachment of sphenoid sinus and further de- 


calcification of dorsum sellae is seen. 


Total excision was not attempted. The histo- 
logic examination again showed a benign 
chromophobe adenoma with occasional mitoses. 
The entrance of the third nerve into the cavern- 
ous sinus could not be demonstrated and the 
cause for the ophthalmoplegia was not dis- 
covered. 

Because of lack of improvement following 
the second operation, the patient was referred 
to the University of California Hospital. Physi- 
cal examination revealed an uncooperative, 
apprehensive boy with a slurred speech. Almost 
total right ophthalmoplegia with ptosis and a 
dilated pupil was found. The corneal reflex was 
absent on the right. Altered light-touch sensi- 
tivity over the right face was disclosed and a 
central facial weakness was present on the left. 
The right optic disk appeared normal, whereas 
the left was definitely atrophic. А bitemporal 
visual field defect was noted, most dense in the 
lower quadrants. The patient had a swaying, 
unsteady, broad-based gait. 

Roentgenographic examination of the skull 
(Fig. 5 C) now showed a definite change in the 
sella turcica as compared to the previous ex- 
amination done three months earlier. There 
was marked increase in the depression of the 
floor of the sella turcica with consequent de- 
crease in depth of the sphenoid sinus. Labora- 
tory studies, including cerebrospinal fluid pro- 
teins, were normal. 

On August 6, 1958 a right frontoparietal 
craniotomy was performed with subtotal re- 
moval of a reddish, lobulated invasive tumor 


about the right internal carotid artery, both 
optic nerves, the optic chiasm, and the right 
optic tract. Posteriorly, the rumor extended 
beneath the hypothalamus and third ventricle. 
The tissue consisted of a collagenous stroma 
with nests of cells varying in size and shape. 
Nuclei showed pleomorphism and prominent 
mitotic activity. These findings were inter- 
preted as representing a malignant chromo- 
phobe adenoma. 

Following this third operation, the patient 
received a second course of irradiation with an 
estimated tumor dose of 5,300 rads delivered in 
thirty-nine days through two lateral 6.25 by 
6.25 cm. portals, using the 70 mev. synchrotron. 
The radiation therapy was interrupted because 
of increased intracranial pressure from aqueduct 
obstruction by the pituitary tumor. This pres- 
sure was relieved by a ventriculo-auricular 
shunt operation. "The patient's condition slowly 
declined, however, and he died in another 
hospital in April, 1949. 

The postmortem findings showed a mod- 
erately firm yellow-brown tumor occupying the 
sella turcica and extending intradurally to 
invade the right side of the midbrain and pons 
(Fig. 6). The tumor extended laterally into the 
right cavernous sinus. The inferior surface of 
the right cerebellar hemisphere was infarcted, 
apparently from tumor obstructing the right 
anterior inferior cerebellar artery. Microscopic 
examination showed that the tumor had in- 
vaded and partly replaced the pons. Tumor 
cells were found in the fourth ventricle (Fig. 7). 
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‘The cerebellum, cranial nerves, leptomeninges, 
and dura were also involved. 


Case 1v. This twenty-seven year old white 
woman with acromegaly died following ex- 
ploration. A large malignant adenoma invading 
the fifth nerve ganglion with a metastatic 
nodule in the hippocampal gyrus was found. 

This patient was admitted to the University 
of California Hospital in September, 1959 
complaining of pain over the left eye and of 
failing vision. 

Except for amenorrhea following the birth of 
a child in 1957, she was in good health until 
June, 1949. At that time she began to have 
intermittent, throbbing headaches over the 
left eye. She also noted enlargement of the 
hands and feet, and fullness of the face. 

The physical examination showed a slightly 
obese, confused Mexican woman with typical 
acromegalic features, breast enlargement with 
galactorrhea, and equivocal evidence of hypo- 
thyroidism. The neurologic examination re- 
vealed marked bitemporal field defects, al- 
though accurate mapping of these defects was 
difficult because of the patient's confusion and 
inattention. The disk margins were slightly 
blurred and the left disk was pale. The cranial 
nerves were otherwise normal. Deep tendon 
reflexes were hypoactive but equal. The rest of 
the neurologic examination was normal. 

Roentgenograms of the skull showed the 
scalp and calvarium to be thicker than normal. 
Marked ballooning of the sella turcica with 
deepening of the floor and posterior displace- 
ment and thinning of the dorsum sellae and the 
posterior clinoids were noted (Fig. 8). The basal 
view suggested erosion of the greater wing of 
the sphenoid on the right. 

A left frontotemporal craniotomy revealed a 
purplish, vascular suprasellar mass. The tumor 
was noted to extend laterally into the middle 
fossa and was deemed inoperable. 

Postoperatively the patient responded poorly. 
The next day her temperature rose to 40° C. 
and she died that evening. 

Postmortem examination of the brain showed 
a large lobular, grayish, partly necrotic tumor 
arising from the sella turcica. The tumor, 
measuring 6 by 3 cm., indented and compressed 
the base of the frontal lobes, occluding the ma- 
jor part of the right anterior horn and foramen 
of Monro. The optic nerves and chiasm were 
greatly compressed. A separate smaller tumor 
nodule was attached to the meninges near the 
right hippocampal gyrus, compressing the 
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Fic. 6. Case ш. Specimen of the massive tumor 
which invaded the right side of the pons and mid- 
brain. 





hippocampus (Fig. 9). The left ventricle and 
midline structures were displaced to the left. 
'The area of the right middle cerebral artery 
showed evidence of acute infarction (Fig. 10). 
Microscopically, the tumor revealed pattern- 
Jess sheets of small polygonal cells with spheri- 
cal nuclei varying in size and chromatin content 
and showing scattered mitotic figures. Many 
cells showed vacuolation of the cytoplasm re- 
sulting in large foam cells. No definite chromo- 
phil granules were noted in the tumor cells. 
Where it adjoined the cavernous sinus, the 
tumor had penetrated its capsule to invade the 
roots of the trigeminal nerve (Fig. 11). It did 
not, however, invade the brain tissue, causing 
only displacement and pressure changes in the 
caudate nucleus and basal cortex of the frontal 
lobes. 


DISCUSSION 
PATHOLOGY 


There still is no definite agreement as to 
what constitutes a malignant pituitary 
adenoma, despite the work done by many 
investigators." In our studies we have used 
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Fic. 8. Case rv. Enlarged sella turcica with down. 
ward displacement of floor and thinning of dorsum 
sellae. 





the criteria outlined by King,’ Jefferson,* 
and Kraus.? We agree with these authors 
that a pituitary adenoma is malignant if it 
bursts its capsule to invade adjacent nerv- 
ous structure or bone, or if it shows histo- 
logic evidence of malignancy, Ze., loss of 
alveolar arrangements and anaplasia with 
hyperchromatic pleomorphic cells showing 
frequent mitoses. Specific cell granules are 
often not present in pituitary carcinoma. 
The differentiation of massive benign ade- 
nomas from infiltrating malignant adeno- 
mas may be difficult on gross examination. 
Benign tumors may attain massive size and 
may be solid or cystic. Unlike pituitarv 
carcinomas, large benign adenomas usually 
take the path of least resistance and expand 
superiorly into the middle or anterior fossa 
to displace the hvpothalamus, third ven- 
tricle, frontal, or temporal lobes. Occasion- 
allv, by slow, progressive growth, a benign 
adenoma still within its capsule may ex- 
pand downward into the nasopharynx, 
anteriorly into the paranasal sinuses, or 
laterally, compressing the cavernous sinus 





Fic. 9. Case 1v. Massive subfrontal tumor mass. 
Note separate tumor nodule on right hippocampal 
gyrus. 
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Fic. то. Case ту. Specimen showing the subfrontal 
extension of the large tumor mass which displaced 
the ventricular system to the left. 


structures, Invasive pituitary carcinomas, 
on the other hand, readily destroy adjacent 
structures and may often spread laterally 
to invade the cavernous sinuses. The pres- 
ence of mitoses, although indicating active 
growth, is in itself not diagnostic of malig- 
nancy since occasional mitoses may be seen 
in benign adenomas. Metastases by im- 
plantation on the meninges via the cerebro- 





Fie. 11. Case ту. Roots of trigeminal nerve invaded by pleomorphic tumor cells. 
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spinal fluid, as in Case ту, have rarely been 
'eported.** The extreme rarity of dissem- 
nation outside the cerebrospinal axis prob- 
ibly relates to the lack of anatomic prox- 
mity to lymphatics and does not exclude 
-he malignant nature of the tumor.* The 
liagnosis of malignancy is, therefore, based 
эп (a) the usual histologic criteria of malig- 
1ancy ; ie., loss of normal cellular pattern, 
oresence of pleomorphism, anaplasia us- 
aally with absence of specific cell granules 
ind mitoses, and (b) evidence of invasion. 


CLINICAL ASPECTS 

The clinical aspects of malignant pitu- 
itary tumors have been well described by 
Jefferson? and King.5 They stress the fre- 
quency of invasion of the cavernous sinus 
by pituitary carcinomas causing trigeminal 
symptoms often associated with involve- 
ment of the third, fourth, or sixth cranial 
nerves. In our series, however, only one pa- 
tient (Case ш) showed clinical evidence of 
cavernous sinus involvement with ophthal- 
moplegia and partial involvement of the 
fifth and seventh cranial nerves. Visual field 
defects, noted in all of our patients, are not 
a helpful differential point since they are 
common in both benign and malignant 
adenomas. Similarly, the presence of optic 
atrophy and pituitary dysfunction is com- 
mon in both types. Jefferson® stated that 
the incidence of malignant change in 
eosinophilic adenomas may be higher than 
in the chromophobe group and, curiously, 
all of his malignant eosinophilic adenomas 
were in females. It is, therefore, of interest 
that in our small series, 2 of the patients 
were acromegalic, and both were women. In 
Jefferson’s series of 14 patients, the largest 
single series of reported cases, the length of 
time between the onset of symptoms and 
the patient's death varied from three 
months to seventeen vears. One may postu- 
late that the long survival in some patients 
may be due to late malignant change in an 
initially benign adenoma. Thus, the tumor 
in Case 1 may have been a benign eosino- 
philic adenoma for ten years with malig- 
nant change occurring just before the recur- 


rence of clinical symptoms, approximately 
six months prior to death. The course in 
our other patients varied from twelve to 
thirty-six months and is thus much shorter 
than that of benign adenomas. The lack of 
sustained improvement following radiation 
therapy (Cases п and m) might suggest 
the presence of a malignant pituitary ade- 
noma. 

The relationship between roentgen ther- 
apy to the pituitary and malignant degen- 
eration remains doubtful. The rarity of re- 
ported malignant adenomas when compared 
with the large number of patients who have 
received pituitary irradiation suggests the 
absence of a causal relationship. In Case 1, 
however, the association of fibrosarcoma 
and eosinophilic adenocarcinoma of the 
pituitary occurring ten years after two 
courses of roentgen therapy may implicate 
the radiation therapy as a causal factor of 
the sarcoma. This case appears to have 
been unique and resembled the 3 cases of 
combined fibrosarcoma and chromophobe 
adenoma reported by Terry eż al Their 3 
patients all received repeated courses of 
irradiation with total tumor doses of about 
6,500 to 7,500 r. The time interval between 
the initial roentgen therapy and the diag- 
nosis of fibrosarcoma varied from two to 
twelve years. Therefore, although most un- 
common, the possibility of radiation-in- 
duced pituitary malignant tumors cannot 
be excluded. 


ROENTGEN ASPECTS 

The sellar changes associated with intra- 
sellar tumors have been well described Ьу 
Mahmoud." The roentgenologic differen- 
tiation of malignant from benign pituitary 
adenomas, however, remains uncertain. In 
2 of our patients (Cases 1 and mni) the 
change in the appearance of the sella 
turcica immediately prior to the diagnosis 
of pituitary malignancy suggested rapid 
growth of the tumor. This may suggest the 
malignant nature of an adenoma” but it 15 
not diagnostic since benign tumors may also 
expand rapidly, causing similar changes. 
Moreover, large benign adenomas not only 
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cause enlàrgement of the sella turcica but 
may also cause pressure erosion of adjacent 
bony structures, such as widening of the 
superior orbital fissure or eccentric erosion 
of the optic foramen. Occasionally, benign 
adenomas may cause pressure erosion of 
the sphenoid sinus and project into the 
nasopharynx. Bone eroded by such pressure 
has a sharp cortical margin, while bone 
destroyed by tumor invasion generally has 
an irregular mottled appearance. In our 
series of patients, however, no definite ir- 
regular bone erosion was noted; this roent- 
genologic finding, therefore, could not be 
used as an aid in the differentiation of 
malignant from benign pituitary tumor. 

Although malignant adenomas tend to 
attain large dimensions, size alone is not 
conclusive of malignancy. Histologically 
proved benign adenomas, often cystic and 
without invasion, have been seen to attain 
huge size. It is important to know the pre- 
operative extent of the tumor since this 
relates directly to operative mortality. The 
massive size of the tumor may not be sus- 
pected on clinical examination (Case ту). 
For this reason, pneumoencephalography 
with the fractional technique should pre- 
cede any therapeutic approach. Carotid 
angiography is not as useful a procedure in 
determining the extent of the tumor but is 
employed to exclude vascular abnormalities 
such as aneurysm. Carotid arteriography 
was performed in 3 of the patients in this 
series (Cases 1, її and rir). In none of these 
was a tumor blush recognized nor was any 
appreciable lateral displacement of the 
internal carotid arteries in the cavernous 
sinus demonstrated. In this group, arterio- 
graphy was therefore not helpful in the 
differentiation of benign from malignant 
tumors. 

It is of interest that in a review of pa- 
tients with proved metastatic carcinoma to 
the pituitary from various primary sites no 
changes in the sella turcica were noted. This 
correlates with the histologic findings of 
small, often microscopic, secondary de- 
posits in the pituitary which fail to attain 
large size. 
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SUMMARY 


Reports of 4 patients with malignant 
adenomas of the pituitary (2 chromophobe 
and 2 eosinophil) are presented. The diag- 
nosis of pituitary carcinoma depends on the 
demonstration of invasion of adjacent nerv- 
ous structures or on the presence of marked 
cellular anaplasia and mitotic activity. The 
clinical diagnosis may be suspected when 
there is evidence of rapid growth of the 
tumor, particularly when associated with 
cavernous sinus syndrome. Unlike previous 
reports which stressed the frequency of 
cavernous sinus syndrome, onlv 2 of our 
patients showed such a finding. One acro- 
megalic patient who had had two courses 
of roentgen therapy ten vears previously 
showed a combined fibrosarcoma and eo- 
sinophilic adenocarcinoma, suggesting a 
possible complication of radiation therapy. 

The roentgenologic features which may 
suggest a diagnosis of pituitary carcinoma 
are discussed. 


Thomas H. Newton, M.D. 

Department of Radiology 

University of California Medical Center 
San Francisco 22, California 


We wish to thank Dr. Nathan Malamud of 
the Department of Pathology, Langley Porter 
Neuropsychiatric Institute, for his help in re- 
viewing the pathologic material in this study. 
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“RETICULUM CELL 


SARCOMA OF BONE* 


By PATRICK A. DOLAN, M.D. 


HOUSTON, TEXAS 


T IS usual to make a distinction between 

reticulum cell sarcoma originating in 
soft tissue and that occurring primarily in 
bone. 

Craver and Copeland,’ in reviewing 164 
cases of lymphosarcoma, reported 17 cases 
in which bone involvement occurred. Only 
one of these appeared to be primary in bone 
(scapula), and this patient died from gen- 
eralized disease within a vear. All of the 
cases with bone involvement were classified 
as reticulum cell sarcoma. The authors 
commented on the greater incidence in 
patients over forty years of age, the pre- 
dominance of males in a ratio of 1.6:1, the 
inevitable progression of the disease with 
metastases to structures such as spleen, 
liver, and lymph nodes, and the probability 
of death within three vears of the onset of 
the disease. Five years later, however, 
Parker and Jackson? presented a series of 
cases having lesions of bone histologically 
identical with reticulum cell sarcoma of the 
soft tissues, but following an entirely dif- 
ferent clinical course. These occurred gen- 
erally in patients less than forty vears of 
age and tended to involve initially but one 
bone, usually of the long tubular variety. 
Characteristically, these were associated 
with a long clinical course during which the 
patient's general condition remained good. 
Since that time several articles have ap- 
peared reporting small numbers of саѕеѕ 
as well as a few larger series.*5 A discussion 
of these cases as part of the larger problem 
of lymphosarcoma in children has also 
appeared.” 

On reviewing the reports of localized 
reticulum cell sarcoma of soft tissue and of 
bone which have appeared in the literature 
and the 8 cases forming the basis of the 
present report, the question arises whether 
such a clear distinction is justifiable. 


The following 8 cases are from the files of 
three hospitals with which the author has 
been associated. All have been carried on 
the pathologic and clinical records as pri- 
mary reticulum cell sarcoma of bone. 


REPORT OF CASES 


Case т. Male, aged fifty-five years. This pa- 
tient was initially seen with a pathologic frac- 
ture of the humerus. There was a history of ap- 
proximately three months’ duration of increas- 
ing pain and limitation of movement in the re- 
gion of the right shoulder. Roentgenograms 
demonstrated a 4 cm. osteolytic lesion involv- 
ing the proximal humeral shaft (Fig. 1). No 





Fic. т. Case т. Poorly circumscribed osteolytic lesion 
with cortical destruction and fracture. 


* From the Section of Diagnostic Radiology, The University of Texas M. D. Anderson Hospital and Tumor Institute, Houston 


"Texas. 
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lymphadenopathy was present; the patient’s 
general health was good. Open biopsy was per- 
formed. Vhe diagnosis was reticulum cell sar- 
coma in bone. Roentgen therapy resulted in 
marked regression of the lesion and healing of 
the fracture. Two months after completion of 
treatment, the lesion showed progression. The 
patient remained in good general health and a 
second course of radiation was given without 
demonstrable roentgen change. Bone survey re- 
vealed no further lesions. This status was 
maintained for two months. However, during 
the next three months the patient’s condition 
deteriorated very rapidly and he died. Permis- 
sion for autopsy could not be obtained. 


Case п. Female, aged sixty-four years. This 
patient had no complaints until she injured 
her left humerus in a fall. Roentgenograms re- 
vealed a pathologic fracture through a localized 
osteolytic lesion in the mid-shaft (Fig. 2). Open 
biopsy of the lesion was interpreted as reticulum 
cell sarcoma. There were no other complaints 








Fic. 2. Case it. Lesion in mid-shaft of left humerus 
with cortical fragmentation laterally. 
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and no masses or lymphadenopathy. Skeletal 
roentgenograms disclosed no other lesions. 
Open reduction with internal fixation was per- 
formed. This was followed by 220 kvp. irradia- 
tion. There was no roentgen evidence of heal. 
ing but the patient remained well for more than 

cr 





six months. She was then re-admitted, having 
suffered a fracture of the right femur in a fall 
Roentgenograms showed this to be pathologic, 
Open reduction with internal fixation was per- 
formed; biopsy revealed reticulum cell sar- 
coma. No nodes or other masses were found at 
this time and she was in good general health. 
However, bone survey revealed several small 
osteolytic lesions at various sites, À few weeks 
thereafter she began a rapid downhill course 
and died three months later. There was no 
autopsy, but clinical evidence of lymphaden- 
opathy and other soft tissue involvement had 
appeared prior to death. 


Case ш. Female, aged fifty-seven years. This 
saleslady was admitted with a complaint of 
bone pain for a period of one year. The pain had 
its onset in the right hip region, was rather 
abrupt in onset but not initially severe, and of 
a fairly constant nature. She was treated 
symptomatically without real relief. The pain 
gradually worsened, but not enough to inter- 
fere with routine activities. Three months prior 
to admission there was gradual onset of pain in 
the left hip also. Two months later, the pain 
was of such severity that she could no longer 
work. At that time she began to complain of 
pain in the right leg. The initial roentgeno- 
grams were made at this time and revealed an 
osteolytic lesion involving the right side of the 
sacrum from the sacroiliac joint to the mid.line. 
Another was present in the right acetabular re- 
gion (Fig. 3), and a third in the proximal right 
tibia. No other bone lesions were demonstrated. 
On admission to this institution, a few scat- 
tered lytic lesions had appeared in addition to 
those described, but neither lymphadenopathy 
nor other soft tissue involvement could be 
demonstrated. There was early evidence of 
cord compression due to involvement of a ver- 
tebral body with collapse. Needle aspiration 
and open biopsy of two of the lesions revealed 
reticulum cell sarcoma. Treatment with roent- 
gen irradiation resulted in moderate recalcifica- 
tion and regression of the lesions. At the present 
time, one and one-half years after the initial 
complaint, the bone lesions show further pro- 
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gression without evidence of soft tissue sar- 
coma. 


Case iv. Female, aged forty-four. This pa- 
tient had been complaining of pain in the left 
leg. The duration of symptoms was uncertain. 
An osteolytic lesion in the proximal portion of 
the left tibia was demonstrated roentgeno- 
graphically. Biopsy revealed a reticulum cell 
sarcoma of bone. Amputation was performed 
and a prosthesis fitted. The patient remained 
asymptomatic for three and one-half years. 
She then began to complain of pain in the left 
hip. Roentgenograms showed osteolvtic areas 
distributed throughout the shaft of the left 
femur (Fig. 4). The remaining bones were found 
free of disease. She did well for a short while, 
but the spread could not be controlled and she 
died of disseminated disease six months after 
the recurrence. 


Case v. Female, aged eighteen vears. This 
patient initially complained of right posterior 





Fic. 4. Case iv. Widespread involvement of left 
femoral stump three and one-half years following 
amputation for primary lesion in the tibia. 


chest pain of a pleuritic nature which had been 
present for several months. Six weeks before ad- 
mission, a slowly growing mass had appeared 
on the posterior chest. On admission, this was 
roughly $ cm. in diameter and seemed to be 
originating in the ninth right rib. Roentgeno- 
grams revealed an osteolytic lesion involving a 
5 cm. segment of the ninth rib posteriorly with 
expansion of the rib and small areas of cortical 
destruction. The tumor was resected and re- 
vealed reticulum cell sarcoma of the rib. Recov- 
ery was uneventful, and the patient was dis- 
charged without evidence of other involvement. 
However, recurrence at the operative site super- 
vened four months after the initial surgery. Re- 
section and radiation therapy resulted in tem- 
porary improvement, but in a short time 
anorexia, weight loss, and evidence of dissem- 
ination occurred. The patient died about six- 





Fic. 3. Case ш. Osteolytic lesions in sacrum and ` аы І 
ilium. Periosteal reaction is present along the teen months after the initial bone lesion was 


medial aspect of the ilium. detected. 
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Case vi. Female, aged fifty-seven years. This 
patient’s initial complaint was pain in the right 
shoulder of several months’ duration. There 
had been increasing limitation of motion and, 
finally, evidence of a pathologic fracture. The 
roentgen appearance was one of irregular, lo- 
calized destruction of the head and neck of 
the humerus, including a small area of cortical 
destruction and associated with linear peri- 
ostitis; there was a transverse fracture through 
the affected area (Fig. 5.7). A diagnosis of 
reticulum cell sarcoma was established by ex- 
cisional biopsy of a local lymph node mass. The 
patient was otherwise well, and no other lymph- 
adenopathy was present. Roentgen therapy re- 
sulted in relief of symptoms and recalcification 
of the lesion; the fracture united. The patient 
was asymptomatic for six months. At this time 
a deep; boring, but mild pain began i in the right 
leg in the region of the knee joint; a roentgen 
examination was negative. The pain persisted, 
and two months later roentgenograms revealed 
an osteolytic lesion in the proximal tibial shaft 
with cortical destruction (Fig. 5B). Roentgen 
therapy resulted in complete healing of the 
lesion. The patient remained well for two 
years, when vague left lower quadrant abdom- 
inal pain commenced. Roentgenograms showed 
a 5 cm. osteolytic deposit in the left ilium. Sur- 
vey of the other bones disclosed no other lesions 
at that time. The patient then began to show 
evidence of debilitation i ey died, 
more than three and one-half years after the 
initial lesion was discovered. 





Case уп. Female, aged ten years. A painful 
swelling in the right axillary region was the 
initial complaint. The duration was uncertain. 
This was clinically associated with, and thought 
to be arising from, the rib cage. Roentgen ex- 
amination revealed an 8 cm. lesion involving 
the right fourth rib in the mid-axillary line 
(Fig. 5C). It was characterized by osteolytic 
and osteoblastic areas, bone expansion, and 
small areas of cortical destruction. This was re- 
sected and found to be reticulum cell sarcoma. 
Cobalt 6o teletherapy was administered to the 
area foliowing surgery. The patient is alive with 
no evidence of recurrence six and one-half years 
after the initial symptoms. 


Case уш. Female, aged forty years. This pa- 
tlent was admitted with severe pain in the left 
groin of sudden onset, without antecedent 
trauma. She was otherwise in good health. 
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Roentgenograms revealed an irregular osteo- 
lytic lesion involving a 5 cm. length of the left 
superior pubic ramus (Fig. 5D). A pathologic 
fracture was present. The cortex was ex- 
panded but not destroyed, and the junction of 
normal and abnormal bone was ragged and ill- 
defined. There was a history of carcinoma of 
the thyroid four years previously, completely 
excised and without evidence of recurrence or 
dissemination. The pubic lesion was explored, 
and as much as possible of the tumor was re- 
moved. The pathologic diagnosis was reticulum 
cell sarcoma of bone; it was further stated that 
it was definitely not related to the previous thy- 
roid carcinoma. No other lesions could be dem- 
onstrated, and the patient was otherwise well. 

Cobalt 60 teletherapy was undertaken. Despite 
relief of pain, healing of the lesion was incom- 
plete. The patient remained asymptomatic for 
approximately four months. Pain then began 
in the right thigh, and further mottled localized 
bone lesions were demonstrated in the right 
femur and skull. Despite the absence of other 
demonstrable lesions, the patient suddenly be- 
gan to deteriorate, and died about six months 
after the initial lesion was demonstrated. Au- 
topsy confirmed the diagnosis. Many small 
lesions were found in the soft tissues as well as 
the bones. 

COMMENT 

Only one male is included in this group; : 
of the patients were forty years or less i i 
age. All were white. The single long term 
survival had a primary lesion in rib, as did 
one of the other patients; 4 lesions origi- 
nated in long bones, and 2 in the pelvis. 
The histologic diagnosis was reached by at 
least two pathologists in all instances; 
cases in which there was any disagreement 
were discarded. 

The roentgenologic picture is in no way 
different from the previous descriptions?'? 
of circumscribed but poorly marginated 
mottled or osteolytic bone involvement, 
apparently originating in the medullary 
cavity. The tumor may occur at any site 
in the bone affected. Cortical destruction is 
generally present, though neither bone ex- 
pansion nor periosteal new bone formation 
is a feature of the lesion. In those cases with 
demonstrable cortical destruction, an ap- 
preciable soft tissue mass may occasionally 
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Fic. 5. G4) Case vi. Mottled lesion in proximal humerus with cortical destruction and fracture of the neck. 
(B) Case ут, Right tibial metastasis from reticulum cell sarcoma in the right humerus. (C) Case vir. Lesion 
apparently arising in right fourth rib, with an associated large soft tissue component. (D) Case уш. De- 
structive, mildly expansile lesion originating in pubic ramus. 
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be associated. The periosseous component is 
not characteristic. The manifestations of 
recurrent disease in Case Iv are somewhat 
unusual in that the destruction in the femur 
showed innumerable small lytic lesions of 
varying size, somewhat ill-defined and 
lacking clarity. However, as has been 
recently stated “... reticulum cell sar- 
coma... is often characterized by bizarre 
metastases," ! 


DISCUSSION 

The criteria for diagnosis of primary 
reticulum cell sarcoma of bone are usually 
stated? as: 

г. The primary focus should originate in 
a single bone. 

2. The biopsy material should be ob- 
tained from the bone lesion. 

3. The histologic pattern should be that 
of reticulum cell sarcoma. 

4. There should be a long natural history 
without generalized symptoms. 

5. The metastatic lesions should be 
limited to the regional lymph nodes, or not 
make their appearance within six months of 
the primary. 

6. The neoplasm should be highly radio- 
sensitive. 

At least some of these criteria appear to 
be unduly rigid. That it should be identi- 
fied by a competent pathologist as reticu- 
lum cell sarcoma and that the original 
manifestation should be in bone cannot be 
denied. The other criteria are not so easily 
defended and have, to a certain extent, 
been tacitly criticized or ignored by other 
authors.®* Stringent application will cer- 
tainlv ensure that the lesions discussed 
include only primary reticulum cell sar- 
coma of bone. However, the danger exists 
that this approach may exclude cases in 
which the course is somewhat different; 
that is, a group may be selected, the be- 
havior of which is more benign than that of 
reticulum cell sarcomas of bone as a whole. 
With these rigid criteria the five year 
survival rate with irradiation, surgery, or 
some combination of the two, is in the 
neighborhood of 35 per cent.? The most that 
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can be said is that this is somewhat better 
than occurs with most other primarv 
malignant tumors of bone. In addition, the 
final picture in the patients succumbing to 
their lesion is one of generalized disease. If 
the criteria were realistically relaxed to 
demand only that the histologically char- 
acteristic lesion be initially restricted to 
bone with or without regional lymph node 
involvement, it is probable that the re- 
sultant alteration in long term survival 
would considerably temper the optimism 
with which the lesion is sometimes viewed. 
This, of course, is not to say that localized 
reticulum cell sarcoma with a favorable 
clinical history is not to be viewed hope- 
fully. It is suggested, however, that reticu- 
lum cell sarcoma originating in bone has a 
spectrum of behavior ranging from highly 
malignant and rapidly fatal to relatively 
benign and curable. 

‘When considering the localized lesions of 
the lymphosarcomas in bone, it is probably 
worthwhile to contemplate the behavior of 
localized lvmphosarcomas arising in soft 
tissues. These latter compare in raritv to 
the local lesions of bone, and large series 
with statistical validitv are difficult to find. 
However, there are increasing numbers of 
such cases being reported, and the localized 
soft tissue lesion appears to compare favor- 
ably with the localized bone lesion. In 
other words, reticulum cell sarcoma of bone 
is not fundamentally different from reticu- 
lum cell sarcoma of soft tissues; in either 
case the patient with a localized lesion and 
a long antecedent history has a more hope- 
ful outlook than otherwise. This is true of 
the breast the small bowel; maxillary 
antrum’? and stomach." If the impres- 
sion of Ackerman and del Regato! is correct 
that there are increasing numbers of local- 
ized soft tissue lymphosarcomas being dis- 
covered (presumably due to factors con- 
tributing to earlier diagnosis), more evi- 
dence may eventually be adduced to prove 
or disprove this view. 


CONCLUSION 


From the 8 cases of reticulum cell sar- 
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coma of bone presented and a consideration 
of studies published by others, it is felt that 
a diagnosis of primary reticulum cell sar- 
coma of bone should not be subject to the 
rigid criteria applied in the past. Though 
the lesion is, in general, more benign than 
most primary malignant bone tumors, it 
does not have as favorable a prognosis as 
is often thought. Its behavior is probably 
not significantly different from that of the 
solitary reticulum cell sarcoma arising 
elsewhere. 


SUMMARY 


1. Eight cases of reticulum cell sarcoma 
apparently originating in bone are pre- 
sented. 

2. The behavior of these lesions in rela- 
tion to other localized lymphomata 15 
briefly discussed. 


The University of Texas M. D. Anderson Hospital 
and Tumor Institute 
Houston 25, Texas 


I wish to acknowledge my indebtedness 
to Dr. Peter C. Conlon of Pittsburgh, 
Pennsylvania, for many fruitful discussions 
of the ideas expressed above. 
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MEDICAL SCINTILLATION SCANNING UTILIZING 
CLOSED CIRCUIT TV CONTRAST 
ENHANCEMENT* 

TECHNICAL ASPECTS 
By LIEUTENANT COMMANDER WILLIAM H. FLEMING, MC USNR,+ LIEUTENANT COM. 
MANDER JAMES D. McILRAITH, MSC USN, and CAPTAIN E. RICHARD KING, MC USN 
With the technical assistance of 


JAMES J. ROCHE, HM2 USN, and M. S. BREEN, HM2 USN 


BETHESDA, MARYLAND 


EDICAL scintillation scanning began 
in 1950 with the development by 
Cassen and associates? of an instrument 
capable of measuring the spatial distribu- 
tion of radioactive iodine in the human thy- 
roid gland. Following this report, innumer- 
able developments ensued in the medical 
applications of scintillation scanning. 
Brownell and Sweet? utilized positron- 
emitting isotopes for brain tumor localiza- 
tion. Friedell e al." developed a technique 
for liver scanning and MacIntyre and 
Houser!* introduced the concept of count 
rate cut-off in order to increase contrast on 
the dot recorder. A notable advance in data 
presentation was made when Horwitz and 
Lofstrom?* introduced photorecording and 
Kuhl e al." further refined the technique. 
The distribution of radioactivity in an 
organ had previously been represented by 
dots on paper. Now, with photo recording 
radioactivity distribution was revealed by 
changes in film density from gray to black. 
The change from grav to black on the 
photographic film was a function of count 
rate and gave each dot a count rate value. 
Potentially, one could recognize subtle 
changes in the distribution of radioactiv- 
ity; however, the ability of the human eve 
to resolve the varving shades of gray had 
been exceeded. 
In 19:9, Bender and Blau? overcame the 
difficulty of recognizing small changes in 
film density by utilizing closed circuit tele- 


vision to effect an infinitelv variable elec- 
tronic background erase and contrast en- 
hancement. Here, the scanner was ad- 
justed to record all radiation pulses with 
low contrast on the photographic film. The 
film was then viewed by means of closed 
circuit. television. Background erase and 
contrast enhancement were effected elec- 
tronically. With this technique all informa- 
tion was recorded and became interpre- 
table. Few repeat scans were required be- 
cause of improper technical adjustment of 
the photoscanner and with this method 
radioactivity differences of as little as 5 per 
cent could be detected. By overriding the 
contrast control on the television camera, 
successive count rates may be viewed which, 
in effect, act as "count rate planography.” 
The organ can be viewed at successive 
count rates and tumors detected in depth. 

Various scanners have been built or mod- 
ifed by medical teaching centers. Reports 
of techniques for organ scanning are 
scattered. throughout the recent medical 
literature. We wish to present our synthe- 
sis of medical photoscanning, utilizing un- 
modified commercial equipment. Sufficient 
technical detail is given to enable one to 
readily obtain scans of a high degree of 
quality. This paper will not attempt an 
assessment of diagnostic accuracy; how- 
ever, the quality of the scans indicates that 
accuracy of this technique will equal or ex- 
ceed that of reported ѕегіеѕ.16.20 


* From the Radioisotope Laboratory, U. S. Naval Hospital, National Naval Medica! Center, Bethesda, Maryland. 
The views expressed are those of the authors and do not necessarily reflect those of the Naval Service at large. 
T Present address: McCollum-Pratt Institute, Johns Hopkins University, Baltimore, Maryland, 
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MATERIALS 


A Picker* magnascanner #2806, equipped 
with a 3X2" thalium-activated sodium 
iodide scintillation probe (model 2809-А) 
was utilized throughout. Basic operation of 
the scanner was in accordance with in- 
structions contained in Picker* manuals 
T 55-260 and T 55-222. Our modifications of 
technique are noted under the respective 
organ sections. Herring? has recently pub- 
lished a detailed electronic discussion of 
this photoscanner. The pulse height ana- 
lyzer was calibrated with Cs"? from o to I 
теу. A Lingf spectator closed circuit tele- 
vision system (camera model Vios1) and 
video-monitor (model FP-ooo1) were util- 
ized unmodified. The camera and monitor 
were mounted as illustrated in Figure r. 
A high-intensity, fluorescent light viewbox 
was used as a light source in the closed cir- 
cuit system for viewing the scans. By ad- 
justing the brightness and contrast controls 
of the television camera, successive count 
rates may be viewed on the monitor screen. 
With the television monitor picture prop- 
erly adjusted, photographs were made with 
a Polaroid Land camera (model 800). 
Polapan 200-type 421 film was found to be 
suitable for photographing the monitor 
screen image. Copies of the photographed 
scans were kept in departmental records 
and a copy, with interpretation, was sent to 
the referring physician. Immobilization of 
the head or body was carried out with a 
dilatancy bag (Flexicast-Picker*). 


COLLIMATION 


A Picker* fine focus, 31 hole collimator 
(model 2102) was utilized in thyroid scan- 
ning with a 1 mm. dot light shaper. The 
Picker* coarse focus, 19 hole collimator 
(model 2107) was used with a 3X3 mm. 
square light shaper for scanning all organs 
except the thyroid gland. 


* Picker X-ray Corp., The Waite Mfg. Div., Inc., Cleveland, 
Ohio. 

+ The Ling Electronic Co., Р.О. Box §570, Dallas, Texas. 

1 Polaroid Corporation, Cambridge 39, Massachusetts. 
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Fic. 1. Photograph illustrating the closed circuit 
television setup of the Radioisotope Laboratory, 
National Naval Medical Center. The television 
camera mount is capable of vertical and horizon- 
tal movement to facilitate scan viewing. 


PHOTOSCANNING CONTROLS 


The photo recording controls of the 
magnascanner are three in number: the 
high voltage adjustment, the density con- 
trol, and the count per minute range differ- 
ential. 

The high voltage adjustment controls 
the voltage applied to the cathode-ray 
light source of the photo recorder. This 
voltage value is supplied with each scanner. 

The density control is the switch which 
controls the duration in microseconds of 
each light flash in the photo recorder. The 
proper duration of each light pulse is a 
function of scan speed and the average 
maximum count rate. Table 1 gives the re- 
lationship of density setting to maximum 
count rate and scan speed when utilizing 
the 3X3 mm. square light shaper. 

The count per minute (CPM) range 
differential is a contrast enhancement con- 
trol. This allows one to vary film density 
over a given count range. Figure 2 illus- 
trates the variations in slope of the film 
density curve obtained with high and low 
count per minute range differential set- 
tings when the density control values are 
held constant. Low count per minute range 
diferential settings give high contrast scans 
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Blue Brand Film, 4.5 minutes developing time at 


68°С. 


but blindly sacrifice scan information. High 
count per minute range differential settings 
give low contrast scans but record all in- 
formation on the film. One may then eftect 
proper contrast enhancement through 
closed circuit television. No information is 
lost and the contrast enhancement is vari- 
able and reversible. 


BRAIN SCANNING 
TECHNICAL DETAILS 


The isotope employed 1s neohydrin 
Hy? (Abbott Laboratories*) at a dose rate 
of 4 uc/kg., given intravenously. 

The pulse height analyzer of the photo- 
scanner is adjusted to count 0.28 mev. 
gamma emission of Hg?" centered in an 80 
kev. window. The rate meter time constant 
is set at 4th second on a scale of 1K with a 
count per minute range differential setting 
of co per cent. The average maximum count 
rate over the cheek is соо CPM and the 
scanning speed averages 20 cm./min. Film 
density settings are obtained from Table т. 
Scans are made in the anteroposterior and 
lateral positions with a total elapsed time 
for scanning approximately one and one- 
half hours. 


DISCUSSION 
There is no preparation of the patient for 
the scan. On the morning of the scan, the 
patient is given the appropriate dose of 
He? neohydrin, intravenously, and at 


* Abbott Laboratories, Oak Ridge, Tennessee. 
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least one hour is allowed to elapse for mix- 
ing and for fixing of the isotope if a lesion 
exists. Approximately fifty minutes post 
injection, the patient is carefully posi- 
tioned beneath the probe and the photo- 
scanner properly adjusted. The count rate 
over the cheek is used as the maximum 
count rate. The head is immobilized by the 
Picker-Flexicast bag and the probe is ad- 
justed to pass as closely as possible to the 
head, generally within one-half inch. In the 
lateral projection landmarks are placed at 
the base of the nose, the external canthus 
of the eve, and at the external auditorv 
canal, the occiput and the vertex. In the 
anteroposterior projection landmarks are 
placed at the base of the nose, the middle 
of each orbital ridge and at the vertex of 
the skull. Appropriate markers are placed 
to indicate right and left on the scan. 
Figures 3, 7 and В and 4, 4, В and C are 
illustrative of typical brain scans. 
Neohydrin tagged with radioactive 
mercury 203 is the compound of choice for 
brain scanning.! The long half-life of 47.9 
days allows one to keep the isotope in stock 
without undue loss from radioactive decav, 
and Hg?" neohydrin can also be used for 
kidney scans. McAfee and Wagner" re- 
ported an average effective half-life of 
three hours for Hg? neohydrin. More re- 
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Fic, 2. Graph illustrating the effect of count per 
minute range differential settings on the slope of 
the film density curve when the density control is 
held constant. Steep film density curves give high 
contrast scans, whereas a flat slope yields a low 
contrast scan. 
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Fic. 3. (4) Photograph of TV monitor screen image of a normal anteroposterior photoscan of the brain 
done 1 hour post dose of 4 пс Ке. of He? neohydrin. (B) Photograph of TV monitor screen image of a 
normal left lateral photoscan of the brain at 1.5 hours post 4 uc, kg. of Hg’? neohydrin. 






























Vic. 4. C4, B and. C) Series of photographs of 
TV monitor screen at various degrees of 
background erase. This positive anteropos- 
terior brain scan was a glioblastoma. This 
series is generally viewed on the TV moni- 
tor in reverse sequence which immediately 
fixes one's attention to the lesion as its 
count rate leaps ahead of that of the re- 
mainder of the skull contents. 
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cent experience indicates that approxi- 
mately то per cent of the administered dose 
of Hg? neohydrin remains fixed to renal 
parenchyma with an effective half-life of 
18 days. This renal binding of the neo- 
iydrin may be blocked by giving т cc. of 
nercuhydrin* intramuscularly the day 
orior to scanning? however, it is not 
clear what effect this premedication may 
зауе on tumor binding of the Hg?" neo- 
уйг. Utilizing 4 uc/kg. Hg” neohydrin 
ind correcting for 10 per cent retention 
n the critical organ, the kidney, one may 
estimate the total body dose at 0.006 rads 
ind the individual kidney dose at 18.27 
‘ads. This laboratory does not employ a 
;xocking dose of mercuhydrin because the 
affect of this drug on tumor localization is 
wot known, the kidney exposure is not un- 
reasonable, and premedication imposes a 
lelay in scanning. The physical radiation 
:mission of Hg" is also advantageous. The 
single 0.28 mev. gamma emission is ideal 
or collimation purposes. In contrast, I! 
ias two gamma emissions of 0.64 and 0.72 
nev. and a third major emission of 0.36 
nev. The higher mev. gamma emissions of 
[#1 are difficult to collimate. Another ad- 
vantage of the use of Не? neohvdrin is 
‘ound in the rapidity with which a scan 
nay be obtained. Excellent localization is 
»bserved in as little as one hour post injec- 
‘ion, whereas the waiting period for D” 
итап serum albumin is at least twenty- 
‘our hours. 

lodine? human serum albumin may 
iso be employed for brain scanning. 
l'en drops of Lugol's solution must be ad- 
ninistered at least the day before this iso- 
горе is given and for four days following 
che injection of the scanning dose. This 
will effectively block the thyroid uptake of 
the radioactive iodine. On the day before 
the scan is to be done, 5 uc/kg. of D?! 
uman serum albumin is administered in- 
travenouslv. Twenty-four to thirty-six 
jours later, the scan is carried out as has 


* Mercuhydrin. Sodium, Lakeside Laboratories, Inc, Mil- 
vaukee, Wisconsin. 
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been outlined above for the use of Hg?” 
neohydrin. In this case, the pulse height 
analvzer is adjusted to count the 0.36 mev. 
gamma emission or [?! centered in an 8o 
kev. window. Count rates and scanning 
time are approximately the same for the 
use of this isotope. The primary disad- 
vantage in the use of iodinated human 
serum albumin is in the delav necessary for 
the obtaining of adequate scans. Of course, 
the relatively short half-life of DP also 
necessitates frequent ordering of the iso- 
tope and unless the thyroid has been prop- 
erly blocked by the use of Lugol's solution, 
there is a danger of P? uptake by the 
gland and damage to this organ. Utilizing 
Sterling's!? data on D? albumin metab- 
olism in normals whose thyroids had been 
blocked with Lugol's solution, the whole- 
body dose is approximately о.5 rad. Excel- 
lent and extensive discussions on the use of 
I?! human serum albumin for brain scan- 
ning have been published bv McAfee and 
Taxdal* and Di Chiro.? The latter author 
recommends a three day preparation of the 
patient with Lugol's solution thus impos- 
ing a further delay in obtaining a scan. 
Finally, we would like to emphasize the 
use of brain scanning as a valuable means 
of screening psychiatric patients. Regard- 
less of the isotope chosen, brain scans are 
an excellent atraumatic means of detect- 
ing intracranial tumors.?.'* 


THYROID SCANNING 
TECHNICAL DETAILS 

The isotope employed is iodine” (Iodo- 
tope, Squibbt). The adult dose is 25 uc ad- 
ministered orally. 

The pulse height analyzer is set to count 
the major gamma emission of I?! of 0.36 
mev. centered in an 80 kev. window. The 
rate meter time constant is th second with 
a scale of 3K. The count per minute range 
differential is 80 per cent of the average 
maximum count rate of 1,000 CPM. Scan- 
ning speed is 30 cm./min. with film density 


ТЕ. К. Squibb and Sons, Squibb Road, King of Prussia, 
Pennsylvania. 


* 
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settings obtained from Table 1. Note that 
here, for greater detail, the 31 hole, fine 
focus, Picker collimator is emploved, util- 
izing a 1 mm. dot light shaper and line 
spacing of 0.2 cm. Scans are made in the 
anteroposterior projection with average 
scanning time of approximately thirty 
minutes. Landmarks are placed at the 
suprasternal notch, the cricoid cartilage 
and the right and left side of the neck. 


DISCUSSION 


Figure 54 shows the print-out obtained 
from the usual dot recorder. Note that the 
detail of the "cold" thvroid nodule is not 
well presented. Figure 5 В is a photoscan of 
the same gland. A marker has been placed 
over the "cold" nodule which has been well 
outlined. At the base of the left thyroid 
lobe, it is noted that there is a “cold” area 
with a “hot spot" in the center. This detail 
was not appreciated in the printed write- 
out. At operation, benign bilateral cysts of 
the thyroid were found. 

Indications for thyroid scanning are well 
known; however, it should be pointed out 
that low contrast scans have proven useful 
as a postoperative parameter for assessing 
the thoroughness of surgery. Frequently, 
metastases and small bits of overlooked 


Medical Scintillation Scanning 


133 


thyroid tissue may be visualized. The dose 
to the thyroid gland, based on a normal 
uptake of I', is approximately 35 rads. 
The total body dose is in the range of £o 
millirads. 


HEART AND GREAT VESSEL SCANNING 
TECHNICAL DETAILS 


It is necessary to premedicate the pa- 
tient with Lugol's solution, 10 drops per 
day, on the day before and four days post 
scan dose. lodine?! labeled human serum 
albumin. (Albumotope, Squibb) is the 
isotope employed. A dose of 5 uc/kg. is 
given intravenously, at least thirty min- 
utes before scanning. 

The pulse height analvzer is set to count 
the primary gamma emission at 0.36 mev. 
centered in an 80 kev. window. The rate 
meter time constant is 1th second with a 
scale of 10K. The count per minute range 
differential is adjusted to count 15 per cent 
of the average count rate over the precor- 
dium which is 3,800 to 4,000 CPM. The 
average count rate over the lungs is 1,500 
CPM. Scanning speed is 30 cm./min. and 
film density settings are obtained from 
Table 1. The scan is obtained in the antero- 
posterior projection with an average of 
thirty. minutes scanning time. Landmarks 





Fic. 5. (4) Conventional dot recording of a thyroid scan. X indicates location of a palpable nodule. Note 
that the left lobe of the gland appears to be within normal limits. (В) Photoscan of same thyroid illus- 
trated in Æ. A marker has been placed over nodule at arrow. Note here that the base of the left lobe of 
the thyroid has an unsuspected “hot spot" surrounded by a “cold area.” At operation, bilateral benign 


cysts of the thyroid were found. 
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Vic. 6. (44) Photoscan of heart superimposed on chest roentgenogram. The large heart shadow is completely 
filled with darkened film which represents the distribution of I9?! RISA in the heart's chambers. Anatomic 
diagnosis was cardiomegaly secondary to congenital interventricular septal defect. (В) Photoscan of heart 
superimposed on chest roentgenogram. The large heart shadow contrasts vividly with the darkened film 





which represents ventricular size. Anatomic 


disease, 


are placed at the sternal notch, the xiphoid 
and the left and right of the chest. A 
standard chest roentgenogram with lead 
markers placed in the above locations is ob- 
tained and the scan and chest roentgeno- 
gram are superimposed (Figure 6, Æ and 


B). 


DISCUSSION 

Scanning of the heart and great vessels 
has proven of value in distinguishing blood 
containing masses located within the chest 
or abdomen. Its usefulness in differen- 
iating cardiomegaly from pericardial efu- 
sion has recently been evaluated.“ The 
radiation exposure from this procedure is 
estimated аго. < rad whole-body radiation. 
If the thyroid gland has been properly 
blocked with Lugol’s solution, the dose to 
the thyroid gland is the same as the whole- 
body dose. 


LIVER SCANNING 
TECHNICAL DETAILS 
No premedication or special procedures 
are necessary prior to scanning the liver. 
The isotope emploved is colloidal gold 198 
(Aureotope, Squibb). The dose is 1.5 
uc/kg., given intravenously at least one 


iagnosis was pericardial efusion secondary to Hodgkin's 


hour before scanning, and a maximum dose 
of 100 uc Aut? is observed. The Ац! is rou- 
tinelv discarded by this laboratory after 
three half-lives and replaced with fresh iso- 
торе. 

The pulse height analyzer is adjusted to 
count the 0.411 теу. gamma emission of 
Ац!" with an 80 kev. window. The rate 
meter time constant is 4th second with a 
scale of 3K. The count per minute range 
differential is set at со per cent of the aver- 
age maximum count rate of 2,000 CPM. 
Scanning speed is 30 cm./min. and film 
density settings are obtained from Table 1. 

The patient is carefully placed under the 
scanner at least one hour post dose and the 
probe adjusted to pass one-half inch from 
the skin. The probe should traverse the en- 
tire upper abdomen, particularly to cover 
the splenic area. The average scanning time 
is approximately one hour. Landmarks are 
placed at the xiphoid, the right lower rib 
margin, and the right and left of the scan 
are indicated. À standard flat film of the 
abdomen, with lead markers placed on the 
xiphoid and the right lower rib margin, 
can be obtained for superimposition on the 
scan. The radiation dose to the liver at this 
dose level of Аи! is approximately 5 rads. 
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E DISCUSSION 

The usefulness of scanning of the liver 
has been well documented. recentlv in a 
paper by Wagner and colleagues.” Useful- 
ness of liver scans in the differential diag- 
nosis of right upper quadrant masses has 
been well demonstrated. Its value has been 
emphasized in metastatic disease to the 
liver, differential diagnosis of abdominal 
masses, the differentiation of obstructive 
parenchymatous liver disease, and the 
preoperative evaluation of patients with 
malignancies. Closed circuit TV has proven 
most useful in evaluating liver scans (Fig. 
7, 4, B and С). 

Several helpful diagnostic signs have 
been noted in liver scanning. Since the 
colloidal gold is picked up by the reticulo- 
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endothelial system of the liver, when this 
system has been depressed, such as in in- 
fectious hepatitis or in cirrhosis of the liver, 
the reticuloendothelial svstem of the spleen 
is able to compete favorably for the uptake 
of the gold. Therefore, when significant 
splenic uptake is present, one should sus- 
pect depression of the reticuloendothelial 
system of the liver and parenchymatous 
liver disease. 

Recently, reports have become available 
from Sweden” which show that in myelo- 
proliferative disorders there is considerable 
uptake of the radioactive gold by the bone 
marrow, particularly the vertebral marrow. 
When uptake of the Au!’ is observed in 
this tissue, as illustrated in Figure 8, it 
should be called to the attention of the con- 





Vic. 7. (4, B and C) Hepatic photoscans 
utilizing Au!93, This series of photographs of 
the TV monitor screen illustrates the value 
of electronic background erase. The defects 
in C (see arrows) were not apparent on the 
other views. Final diagnosis was metastatic 
carcinoma of rectum to liver. 
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Fic. 8, Photosean of liver utilizing Аш, Note pickup 
of isotope in vertebral marrow and spleen (arrows). 
Bone marrow aspiration. revealed plasma cell 
leukemia. 


sulting physician, and bone marrow evalu- 
ation should be undertaken. 

1! rose bengal has been utilized for liver 
scanning? but has a number of disadvan- 
tages and scan quality is poor. When util- 
izing this isotope, one must emplov a 
loading dose of rose benzal to prevent 
rapid excretion from the liver. It should be 
remembered that the concentration of I?! 
rose bengal in the liver varies considerably 
during the scan. 


SPLEEN SCANNING 
TECHNICAL DETAILS 

The isotope employed is hexavalent 
chromium zr (Chromitope, Squibb) at a 
dose level of 200 we for an adult. No pre- 
medication is indicated. 

The technique of Winkelman e al” is 
utilized unmodified. The morning of the 
scan 10 ml. of the patient's blood 15 with- 
drawn into a sterile syringe containing 2 
ml. of ACD anti-coagulant solution. Two 
hundred microcuries of hexavalent Cr? are 
added and incubated with the blood at 
room temperature (22? C.) for fifteen min- 
utes. After incubation, £o mg. of ascorbic 
acid is added to reduce the residual chro- 
mate ions and terminate tagging. The 
blood chromate solution is then incubated 
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in a water bath at 49.5? С. +7°, for one 
hour to produce crenation of the red cells. 
The blood is cooled to room temperature 
and reinjected intravenouslv into the pa- 
tient. It is necessary to inspect for hemol- 
ysis prior to injection and not inject if 
visible hemolvsis has occurred. The patient 
Is scanned at one hour post dose although 
one may wait longer before scanning. 

The pulse height analyzer is adjusted to 
count 0.323 mev. gamma emission of Cr?! 
centered in an 80 kev. window. Rate meter 
time constant is ith second with a scale of 
ІК. The count per minute range differ- 
ential is set at 40 per cent of an average 
splenic count rate of оо to боо СРМ. 
Scanning speed is 30 cm. /min. Film density 
settings are obtained from Table 1. Scan- 
ning time is a little less than one hour. 
Landmarks are placed at the xiphoid and 
the left lower rib margin. A standard flat 
film of the area is taken with lead markers 
at the same position, and the scan and film 
are superimposed. 


DISCUSSION 


It should be noted that high contrast 
scans with very low count per minute range 
differential settings are deceptive when 
scanning this organ. Because of its shape, 
the spleen when scanned with high con- 
trast gives one a false impression of small- 
ness. This is illustrated in Figure 9, 4, B 
and C. Spleen scanning has proven useful 
in defining left upper quadrant masses, the 
degree of splenomegaly, splenic infarct lo- 
cation, the location of functioning splenic 
tissue and accessory spleens. Radiation 
dose to the spleen is approximately 4 rads 
at this dose level of chromium «1. The effec- 
tive half-life in the splenic area is approxi- 
mately eight days. The total-bodv dose in 
this technique is less than 0.05 rad. 


KIDNEY SCANNING 

TECHNICAL DETAILS 
No premedication is indicated. The iso- 
tope employed is Не?" neohydrin (Abbott 
Laboratories) at a dose level of 1.5 uc/kg. 
given intravenously. A maximum dose of 
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со ис is observed. 

The pulse height analyzer is set to count 
the 0.28 теу. gamma centered in an 80 kev. 
window. Rate meter time constant is ith 
second with a scale of 3K. The count per 
minute range differential is set at 20 per 
cent of the average maximum count rate 
over the kidney region of approximately 

2,000 СРМ. Scanning speed is 30 cm. /min. 
Fi lm density settings are bened from 
Table 1. The patient is scanned in the 
prone position and landmarks are placed 
over the spine at Тт and 51, and at the left 
and right lower rib margins. Lead markers 
are placed over the same areas and a flat 
film is taken of the abdomen. The scan 
and film are then superimposed (Fig. 10). 
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Fic. 9. (4) Photograph of high contrast 
photoscan of spleen utilizing Cr? tagged red 
blood cells. Note size and apparent lower 
pole defect. (B) Low contrast scan of same 
spleen. (C) Photograph of TV monitor 
screen. with proper background erase of 
scan В. Note larger size of spleen and the 
absence of the lower pole defect. The ana- 
tomic diagnosis was normal spleen. 


Scanning time is approximately fifty min- 
utes. 


DISCUSSION 

This technique has proven useful for lo- 
calizing the kidneys when the intravenous 
pyelogram has failed to show excretion, 
and particularly useful in the evaluation of 
left upper quadrant and right upper quad- 
rant masses." Renal tumors, polycystic 
renal disease and renal infarcts can be dem- 
onstrated. Scans may be repeated at 
twenty- four hours to gain an impression of 
calyceal structure. The radiation dose de- 
livered to the kidney has been estimated at 
approximately 3.25 rads with a total-body 

dose of 0.001 rad. 
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Fi. 10, Normal kidney photoscan superimposed on 


flat film of abdomen. Scan done т hour post £o pe 
of Hg? neohydrin. 


BONE SCANNING 
TECHNICAL DETAILS 


The preferred isotope is strontium 86 
obtainable from Oak Ridge National 
Laboratories, Oak Ridge, Tennessee. A 
stock solution is prepared by first neutral- 
izing the strontium 85 which is delivered 
dissolved in acid, and then diluting in 
physiologic saline to a concentration of 20 
uc/ ml. This solution is then passed through 
a Millipore* bacterial filter to ensure steril- 
itv. Twenty microcuries are used in pa- 
tients under twenty years of age, and 50 to 
60 uc for adult patients. The dose is ad- 
ministered intravenously at least twentv- 
four hours prior to scanning. 

The pulse height analyzer is adjusted to 
count strontium 35's single О.51 mev 
gamma centered in an 80 kev. window. The 

19 hole, coarse focus collimator is used with 
a small oblong (1X4 mm.) light shaper. 
Line-spacing is adjusted to o.4 cm. The 


* Millipore Filter Corporation, Bedford, Massachusetts. 
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count per minute range differential is set 
at IO per cent of a 1 K scale and the film 
density setting is тоо, Scanning speed is 16 
to 20 CM, min. The average bone lesion 
counts соо CPM above surrounding bone 
tissue. Identifying marks are placed on the 
flm. Lead overlays are used to properly 
mark the roentgen-ray film and the two are 
superimposed (Fig. 11). 


DISCUSSION 

Strontium 85 has a half-life of 65 days. 
It decays by electron capture to meta- 
stable rubidium 8g which emits a single 
gamma photon оѓо. т mev. and becomes 
stable КЬ”. Of the administered dose, ap- 
proximately 55 per cent is excreted bv the 
fifth day! and the remaining strontium 84 
remains relatively fixed in bone. Correcting 
for £o per cent excretion, one may estimate 
the total whole-body dose to a standard 
man at 0.326 rad with a bone dose of ap- 
proximately 2.28 rads. 

The feasibility of photoscanning bone 
lesions with strontium 85 has been previ- 
ously reported by this laboratory." Sig- 
nificant localization of strontium 85 has 
been observed in pathologic and traumatic 
fractures, metastatic cancer, eosinophilic 
granulomas, chondromas, osteomyelitis and 
Paget’s disease. The technique makes pos- 
sible ап easy assessment of osteoblastic 
activity, 


SUMMARY 


Technical details of photoscanning vari- 
ous body organs have been discussed. 2 li 
organs may be scanned except the pan- 
Recently Blau and Manske? b e 
presented details of an experimental tech- 
nique of pancreatic scanning utilizing Se”, 
seleniomethionine, and it is anticipated 
that a technique for pancreatic photoscan- 
ning in humans will soon be devised. 
Closed circuit television by enhancing con- 
trast has proven a valuable adjunct to 
available commercial photoscanning equip- 
ment. Medical photoscanning has pro- 
gressed sufficiently technically so that it 
may now take its place in the diagnostic 
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Medical Scintillation Scanning 





Fic. 11. Sr* localization in traumatic fracture of surgical neck of humerus.Scan done 24 hours 
post so uc of Sr*, (Reproduced with permission of Radiology.) 


armamentarium of all leading hospitals. 
With it an atraumatic evaluation of bodv 
organs without mortality or morbidity can 
be accomplished. 

Captain E. Richard King, MC USN 

U. S. Naval Hospital 

National Naval Medical Center 

Bethesda 14, Maryland 
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* DETECTION OF LIVER TUMORS WITH 
COLLOIDAL RADIOGOLD* 


A NEW METHOD OF HIGH-CONTRAST PHOTOSCANNING 
By K. H. EPHRAIM, M.D. 


ROTTERDAM, NETHERLANDS 


N THE first method used for detection 

of space occupying lesions of the thy- 
roid gland, the distribution of radioactive 
iodine in the gland was studied by measur- 
ing the radioactivity from point to point 
and by mapping the registered number of 
counts per minute. The drawbacks of this 
method are obvious. The detector had to be 
directional and this was achieved by a col- 
limating device: a gamma-absorbing shield 
with a cylindrical aperture. The gamma 
rays entered the detector through a narrow 
cvlindrical canal and thus only a small part 
of the sensitive volume of the detector was 
used. It is clear that good resolution and di- 
rectionality of the collimator were achieved 
at the cost of sensitivity. 

The statistical reliability of radioactivity 
counting depends on the number of im- 
pulses counted. As collimation diminishes 
the efficiency of the system, it is neces- 
sary to count for a rather long time in 
order to obtain a fair reliability. The 
resolution of the collimator is usually much 
better than the resolution of the point 
countings; in practice it is impossible to 
choose the distance between the points 
so small as to equal the resolution of the 
collimating system, for then the whole pro- 
cedure would take far too much time. 
Even with the unavoidable compromises 
a distance of 1 to 1.5 cm. between points 
and a counting time of not more than two 
minutes per measurement—the manual 
scanning examination of such a small re- 
gion as the thyroid gland takes an hour and 
a half or more. 

Obviously, the above mentioned method 
is too time consuming, possesses а rather 
unsatisfactory over-all resolution and 
shows but a moderate statistical reliability. 


These drawbacks can partly be remedied 
by making the scanning movements con- 
tinuous and automatic and by increasing 
the sensitivity of the detecting device. An 
automatic scanning machine was built that 
is capable of scanning continuously. The 
speed of the scanning can be varied from 
7.5 cm. per minute to 65 cm. per minute 
and the distance between sweeps may be 
changed in increments of 1 mm. from 2 to 
17 mm. 

The over-all resolution is now dependent 
mostlv on the resolution of the collimator. 
Sensitivity and statistical reliability are 
raised by the use of a larger detector and 
bv using more of its sensitive volume. 


COLLIMATION 


For the detection of space occupying 
lesions in the liver or in any voluminous 
organ, the parameters for the design of a 
suitable collimator are resolution, ef- 
ciency, directionality and depth response. 
Greater efficiency can be achieved by the 
use of a scintillation detector with a large 
crystal and a large aperture in the col- 
limator. A good resolution calls for a small 
aperture in the gamma-absorbing shield. 
Satisfactory directional response can be 
obtained by providing the collimator with 
a single long narrow canal. The depth re- 
sponse of a single-hole collimator, however, 
is far from ideal for the radioisotope scan- 
ning of a voluminous organ because of the 
well-known inverse square law. The ideal 
collimator should have a uniform response 
to the radioactivity in the tumor, inde- 
pendent of its depth in the liver. 

'The combination of these postulates— 
highest efficiency, strong directionality, 
depth response not obeying the inverse 


* From the Isotope Laboratory of the Rotterdams Radio-Therapeutisch Instituut, Rotterdam, Netherlands. 


141 







CRYSTAL 


а 


COLLIMATOR 


150 


30 


30 








Fic. 1, Schematic drawing of the 36-channel 
multifocussing collimator. 


square law and a resolution about equal to 
the diameter of the smallest tumor one 
hopes to detect—was met by the choice of a 
scintillation detector with a 6X6 cm. 
sodium-iodide crystal activated by thal- 
lium, a single-channel pulse height ana- 
lyzer and the design of a 36-channel focus- 
sing collimator with three foci. 

The thirty-six tapered channels in the 
gamma-absorbing shield are arranged in 
three groups, each with a separate focus: 
the first at rc, the second at 18 and the 
third at 21 cm. from the front of the 
crystal. The distance between the front of 
the crystal and the front of the collimator 
is 8 cm. (Fig. 1). In this way uniform depth 
response is partly met. This response, how- 
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ever, can be made much mort ideal by 
counteracting the inverse square law. This 
may be done either by assigning more 
channels to a distant focus than to a more 
proximal one or by increasing the diameter 
of the channels that focus on a more distant 
point. This last method was used in the de- 
sign of our collimator. The ratios of the 
surfaces of the channels with the first 
(15 cm.), second (18 ст.) and third (21 ст.) 
focus distance are 15?, 18%, 21? so as to 
counteract the influence of the inverse 
square law (Fig. 2). 

Yet another principle was used in the 
collimator design. The focal distance of a 
single channel is made longer than the 
focal distance of the group of channels it 
belongs to. In this way the resolution of the 
collimating device is favorably influenced. 
Figures 3 and 4 show the isoresponse lines 
for the collimator. These response curves 
are constructed for radioactive spheres 
with a 1 cm. radius and a 1.5 cm. radius. 
The isoresponse lines, identical for I? and 
Au, show that this collimator has an al- 
most ideal characteristic. From the surface 
to a depth equal to the maximum diameter 
of the liver, the response hardly changes. 
If we consider the maximum response for 
the т ст. radius sphere as тоо per cent, the 
80 per cent line reaches from 3 to 15 cm. 
depth and the so per cent line from 3 to 
21.5 cm. depth. For the 1.5 cm. radius 
sphere these distances are even better: 


Ratio. 15*: 18°: 21? 


Fic. 2. Top view of the collimator. 
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m. for the 80 per cent line 
cm. for the 5o per cent line. 


from 3 to 18 


-$ 
and from 3 to 2 


с 
5 


STORING AND PRESENTATION OF DATA 


'The impulses from the scintillation de- 
tector are fed through a linear amplifier 
and a single channel analvzer to a counter 
with a mechanical register. The pulse that 
actuates the register is used to trigger a 
small neon-gas discharge tube. This neon 
tube, mechanically coupled to the scanning 
detector, might with a simple optical sys- 
tem register all the data on a photographic 
film. Such a photographic recording is a 
convenient means of data presentation. Sel- 
dom, however, does it present the data in 
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Fie. 3. Іѕогеѕропѕе lines (I, 360 kev.) with the 
36-channel collimator for a 1 em. radius sphere; 
channel width 5V. 
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Fic. 4. Isoresponse lines (18, збо kev.) with the 36- 
channel collimator for a 1.5 cm. radius sphere; 
channel width 5V. 


a readily interpretable form. The human 
eye lacks the faculty of discerning the very 
small differences in blackening of the film 
caused by minor differences in count rates. 

According to Bender and Blau! a photo- 
graphic system to be successful must have 
a high and variable contrast and a variable 
gain. In their system, Bender and Blau 
feed the pulses from a scanning scintilla- 
tion probe to a count ratemeter and have 
the output of the ratemeter vary a re- 
sistance in series with a scanning light bulb. 
In this way small differences in count rate 
are made visible because of the strong de- 
pendence of the light output of a tungsten 
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5. Diagram of the cortrast am plifier system. 
L.D.R. —light dependent resistor. 
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filament on small changes in applied volt- 
age. This ingenious system has the draw- 
back of the RC-time of the ratemeter. 
The chosen time constant, for reasons of 
statistical reliability, cannot be too short. 
This means that there will be a lag in the 
registration, and, unless registration during 
every second sweep is prevented, distortion 
of the registered data will occur. 

The contrast amplifier system developed 
in our ee is diagramm: atically shown 
in Figure 5. The neon tube, triggered by 
the вс. pulses from the single channel 
analyzer, is monitored by four light de- 
pendent resistors in parallel. The frequency 
of the flashes from the neon tube varies 
linearly with the count rate and so does the 
illumination of the light dependent re- 
sistors (L.D.R.) (Fig. 6). The scanning 
bulb in our system is in series with these 
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Fic. 6. Linear variation of light dependent 
resistor with illamination. 
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Fic. 7. Diagram of the second stage contrast ampli- 
fier system. L.D.R. «light. dependent resistor; 
A=neon tube; B=incandescent bulb; С = sc: 
ning bulb. 





L.D.R.'s and its tungsten filament flashes 
synchronously with the neon tube, but the 
brightness as well as the frequency of these 
scanning flashes varies with the count rate, 
and thus a marked nonlinear contrast re- 
sponse is obtained without the introduc- 
tion of inertia from a ratemeter circuit. 
The gain of the contrast amplification is 
easily varied by changing the voltage in 
series with the L.D.R.’s and the scanning 
bulb. Background suppression, too, is 
achieved bv this means. 

A second stage contrast amplifier system, 
shown in Figure 7, сап be built. Neon tube 
A varies the resistance of a number of 
L.D.R.'s in parallel and thus influences the 
light output of the incandescent bulb B 
which illuminates a second chain of 
L.D.R.'s that control the voltage on the 
scanning bulb C. Feed back should be pre- 
vented in this system. 

There is always the danger of loss of in- 
formation. One of the ways in which con- 
trast information may be lost is by register- 
ing in the saturation region of the film 
sensitivity curve. To prevent this, moder- 
ate contrast amplification is used and the 
registered data are analyzed bv transil- 
luminating the film and viewing it on a 
closed-circuit television system. By chang- 
ing contrast and brightness controls and 
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varying the Video-gain, all degrees of film 
density are visualized. In this way even 
minor differences in count rate can be 
detected without the danger of not record- 
ing important data or losing data because 
of registration in the saturation region of 
che photographic film. 


TECHNIQUE 

Radioactive colloidal gold (Ац!) (N.V. 
Philips Duphar, Amsterdam, Netherlands) 
is given intravenously in a dose of 250 ис. 
The mean particle size is 5 my. Scanning is 
started not earlier than thirty minutes 
after injection, but most often is performed 
four to five hours after the administration 
of the colloidal radioactive gold. The pa- 
trent is examined in the supine position and 
tae collimator is held at such a distance 
that no contact is made with any point of 
the body. This distance is not too critical, 
however, because of the special design of 
this collimator and the resulting isore- 
sponse lines. Pulse height analysis and con- 
trast amplification are used (Fig. 8). 

The whole procedure takes ten minutes 
fcr positioning and thirty to forty-five 
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Fic. 8. Block diagram of the set-up. 


minutes for the actual scanning. The ex- 
amination may be repeated twenty-four 
and, if needed, even forty-eight hours after 
the administration of the nuclide. 


INTERPRETATION 

The developed negative is viewed in 
front of a view-box on a closed television 
circuit. By changing the light intensity of 
the view-box or the diameter of the optical 
diaphragm, varying the contrast control 
and brightness control and adapting the 
video-gain, all minor variations of film 
blackness can be detected (Fig. 9, 4 and 
B). It is important to look not only for 
differences in blackness but also in con- 





Fic. 9. (4) Scintiscan and (B) its televised image show normal configuration of the liver. Multiple round 
areas of clearly diminished radioactivity are seen on the television screen, representing metastatic foci 
from primary carcinoma of the breast. 
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Vic. 10. G4) Scintiscan and (B) its televised image. The scintiscan shows an enlarged liver. The lett lobe 
exhibits only a small amount of radioactivity at its left margin. The larger part of the left lobe shows no 
uptake at all. Irregular uptake is noted in the right lobe. On the television screen multiple round defects 
in the right lobe can be seen, due to metastatic melanoma malignum, verified by autopsy. 


figuration, The shape of metastases on the 
scintigram is more or less round. One gets 
the impression that the defects due to 
cirrhosis are more irregularly shaped (Fig 
то, .7 and В). Moreover, the differences in 
thickness between tae right and left lobe 
should be kept in mind. The radioactivity 


increases in the scanning field from left to 
right and so does the blackening of the film 
(Fig. 11, дапа B). At the lower margin of 
the liver, the hepatic hilus influences the 
distribution of radioactivity and often a 
rather large "defect" can be visualized in 
this region by television techniques. Since 





Vic. it, (4) Seintiscan and (B) its televised image. The scintiscan snows defects at the right border of the 
liver and some space occupying lesions at the lower and upper border can be suspected. These lesions 
are much more distinct on the television screen. The diagnosis was that of metastases from carcinoma of 
the breast. 
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hic. 12. (4) Scintiscan and (B) its televised image. The scintiscan shows no evidence of metastases; how- 
ever, distinct defects are seen on the television screen, suggesting the presence of metastases (from a 


primary carcinoma of the esophagus). 


respiration causes up-and-down movements 
of the liver, it reduces the possibility of de- 
tecting small space occupying lesions. A 
single tumor with a radius smaller than 1 
cm. will therefore not be detected with this 
system. In a non-moving phantom, an area 
of reduced activity with a radius of 1 cm. 
is easily recognized with our system. 
Geometric factors are of little importance 
since the collimator is specially designed 
for scanning voluminous organs (Fig. 12, 


d and В). 


SUMMARY 


The shortcomings of manual scanning 
with point-to-point counting are analyzed 
and the desirable characteristics of a scan- 
nirg method for 
voluminous organs are described. 

The importance of collimation is stressed 
and the isoresponse lines of а multifocus 
36-channel collimator which was developed 


the examination of 


especially for scanning large organs are 
shown. Of importance, too, is registration 
with adequate contrast enhancement. A 
contrast amplifier without inertia has been 
developed. For this purpose light de- 
pendent resistors are used. For an analysis 
of the registered data, the processed film is 
viewed on a closed-circuit television svs- 
tem. 


Rotterdamsch Radio-Therapeutisch Instituut 
Bergweg 323 
Rotterdam, Netherlands 
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THE USE OF I? TO INCREASE ISOTOPE" 
SCANNING RESOLUTION* 


By HAROLD ENDLICH, M.D., PAUL HARPER, M.D., ROBERT BECK, B.S. 
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WARREN SIEMENS, and KATHERINE LATHROP, M.S. 


CHICAGO, ILLINOIS 


“THE probability of detecting a “cold” 
lesion in an organ such as the liver or 
thyroid by isotope scanning depends on 
both the absolute count rate and the con- 
trast or target-nontarget ratio over the 
lesion. The contrast ratio over a lesion on 
the surface of a large organ like the liver, 
is considerably reduced by high-energy ra- 
diation originating in the tissues beneath 
the cold lesion and penetrating through it 
to the collimator system. It occurred to us 
that the contrast ratio could be increased 
considerably by the use of a radiation 
source emitting low energy gamma radia- 
tion or x-radiation, since photons originat- 
ing deep in the organ would be largely at- 
tenuated before reaching the detector, 
while photons originating from more super- 
ficial regions would still be detectable.” 8° 
Using conventional methods with 121 
rose bengal or colloidal gold 198 for liver 
scans, practical considerations limit the 
collimator design to a field of view approxi- 
mately 1 inch in diameter, and the detec- 
tion of cold nodules much smaller becomes 
virtually impossible. In the thyroid, 
where the mass of tissue surrounding the 
cold nodule is much smaller and the avail- 
able photon flux is higher, a collimator with 
a field of view 5 to 6 mm. in diameter at 
the focus may be used and cold nodules of 
this size may be demonstrated under 
favorable conditions. One of the principal 
objectives of this investigation was to 
evaluate the possible improvement in reso- 
lution which might be obtained by using 
lower energy photon emitters. 


EXPERIMENTAL 


Two apparently suitable sources of low 
energy radiation are palladium 103, whose 


principal radiations, the rhodium Ke and 
K8 photons, have energies of 20.2 and 23 
kev., and iodine 125, whose observable 
photon radiations are the tellurium Ka and 
Kg lines with energies of 27.4 and 31.2 kev. 
respectively, and the small unconverted 
fraction of the 35.4 kev. gamma. The nar- 
row-beam half-value layers for these radia- 
tions are very nearly т.о cm. and 2.0 ст., 
respectively, in tissue.?.!? 

A variety of phantoms was constructed 
to represent the liver and thyroid contain- 
ing cold lesions of various sizes and loca- 
tions. These phantoms were made of slabs 
of 12 per cent gelatin, 4 inches in diameter 
by $ inch thick and contained the isotope 
in solution with cylindrical lucite plugs to 
represent the cold nodules. Figure 1 shows 
count rate profiles across 6 such liver 
phantoms containing palladium 103, iodine 
125 and iodine 131, and having lesions 1 
inch in diameter by 1 inch thick in two 
locations, one on the surface of the liver 
and the other 1 inch below the surface. In 
both cases, 1 inch of overlying tissue was 
present, and the thickness of the liver was 
4 inches. A 2X2 inch sodium iodide crystal 
with a 5 ml. beryllium window was used 
with the same collimator for all measure- 
ments. The collimator, which had a 2 inch 
focal length and a 3 inch circle of view at 
the focus was designed so that 1 per cent of 
the observed counts for D? represented 364 
kev. photons which had penetrated the 
collimator septa. The focal point of the 
collimator traversed the center of the 
“lesion” during the scan. A single channel 
pulse height analyzer was used to observe 
the principal photopeak of each isotope. 

Similar measurements were made on 
thyroid phantoms constructed of 4 inch 
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Fic. т. Count rate profiles across liver phantoms 
containing 112, 115, and Pats, 


slabs of gelatine containing either [ or 
Т, These were sandwiched between 1 inch 
of overlying and 4 inches of underlying un- 
tagged gelatine representing the other 
tissues of the neck. The 


І inch diameter 


I to Increase Scanning Resolution 
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lucite plugs representing the cold lesions 
extended entirely through the 5 inch active 
layer so that the collimator over the lesion 
was not looking directly at any of the 
radioactive material and registered only 
scattered photons. 

'The contrast ratios and relative count 
rates observed in these phantoms, nor- 
malized to the same isotope concentration, 
are shown in Table r. We had feared that 
the radiations from I, which are attenu- 
ated to a substantial degree by scatter 
rather than absorption, might produce an 
intense background of scattered radiation. 
As can be seen, especially in thyroid phan- 
toms, while this phenomenon exists, it is 
somewhat less than the background from 
Compton scatter of the high energy photons 
ord. 

Since the probability of detecting a lesion 
within a given time depends on the count 
rate as well as on the contrast, the attenua- 
tion in overlying tissue becomes critical at 
the lower energies. Under the conditions 
shown in Figure r, the one inch of overlving 
tissue produces a reduction in count rate to 
79 per cent for 1, to 45 per cent for ['% 
and to 21 per cent for Pd, This attenua- 
tion nullifies to a considerable extent the 
useful increase in contrast. 

'The difficulty in producing a palladium 
compound with properties suitable for 
liver scanning has virtually eliminated the 
use of this material at the present time. 
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| Biologic Half Life 
Palladium phthalocyanine sulfonate was 
found to have a biologic half time of about 
12 days in the liver. In comparison, the 
half life of iodine-tagged rose bengal is a 
few hours. 

The respective radiation dosages"! of 
I? and P are compared in Table п. The 
energy from P” available for producing 
ionization is the sum of the 35.4 kev. 
gamma transition and the energy of the 
tellurium excited state following K or L 
capture. This amounts to an average of 
62.3 kev. per distintegration with 41.3 kev. 
as K and y photons. The remaining 21.0 
kev. appears as soft fluorescent photons, 
conversion electrons and Auger electrons, 
which are absorbed close to their point of 
origin and may be considered in dose calcu- 
lations as 8 radiation. 

Using specially designed detectors, the 
radiation of P? may be detected several 
times more efficiently than those of I. 
Collimators may be designed! which are 
approximately 3 times as efficient for P” 
as for Г?! for the same configuration and 
field of view. Virtually all the photons from 
I penetrate the beryllium window, inter- 
act with the sodium iodide detector crystal 
and appear in the photopeak, while ap- 
proximately so per cent of the photons 
trom I! have Compton interactions in the 
crystal and do not appear in the photo- 
peak." In addition, I? produces 1.8 times 
as many detectable photons per disintegra- 
tion as does I??!. 





Thyroid 
30 uc/30 gm. 





Total Organ Dose (rads) 










Liver | 
200 uc/1.5 kg. | 


Total Body 
5 uc/70 kg. 
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In an attempt to bring all these different 
factors together for comparison under opti- 
mal conditions, the relative statistical de- 
tection efficiency was computed* for the 
cold nodules in the liver and thyroid phan- 
toms described above, based on equal 
radiation dosage and scan time. The ob- 
served count rates were weighted according 
to the above mentioned factors, and the 
results are shown in Table i. The values 
in Table 11 may be interpreted in several 
ways. For instance, in the liver phantom 
with the cold nodule on the surface shown 
in column 1, the lesion could be detected 21 
times faster using the I? for the same radia- 
tion dosage as with P* or it could be de- 
tected in the same time for 1/21 of the 
radiation dosage or, using the same scan 
time and radiation dosage as with I, a 
collimator with a sharper focus and result- 


* Consider the count rate Cy, over a cold lesion and C, over the 
surrounding tissue. In time 7, CET and С.Т counts wil] be accu- 
mulated over these regions. À statistical measure of the difference 
between these two counts is the number Z of standard deviations 
of the difference contained in the difference. Since Poisson formu- 
lation may be applied, the standard deviation of the difference 


is CT + CLT and 





Т is thus the time required for a count over each region long 
enough to establish the existence of a difference with Ze con- 
fidence. T depends both on the contrast ratio С/С, and the 
absolute count rate Су. The reciprocal of Tis taken as a measure 
of the statistical detection efficiency. 
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RELATIVE STATISTICAL DETECTION EFFICIENCY 
For cold nodules in phantoms for same scan 
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ant lower efficiency could be used to in- 
crease the resolution of the resulting pic- 
ture. 

In considering this increase in resolution, 
it is difficult to arrive at a precise descrip- 
tive criterion. Each situation appears to 
have its own special requirements. Since in 
both thyroid and liver scanning the lesions 
of interest are voids, the criterion chosen 
was the smallest void which could be de- 
tected with 2e confidence from the count 
rates over the void and the surrounding 
tissue. In the case of the thyroid the void 
was assumed to extend entirely through the 
gland as in the experiments described. In 
the case of the liver, the void was assumed 
to have a depth equal to its diameter, and 
the field of view of the collimator was as- 
sumed to equal the diameter of the void. 
'The diameter of the circle of view of the 
collimator at its focus thus becomes the 
measure of resolution, and the counting 
statistics determine the smallest usable 
collimator. 

Using the same parameters as in Table 
їп, it can be shown that with I"? a cold 
nodule of approximately one half the diam- 
eter should be detectable in either the 
thyroid or liver without exceeding the 
radiation dosage and scanning time used 
with 1%. The effect of reducing the diam- 
eter of the "circle of view at the focus" to 
one-half reduces the counting efficiency of 
the collimator by a factor of 4 or more 
depending on the configuration of the 
region of view. Since the time permitted 
for viewing a region of this size during a 
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scan is likewise reduced bv a factor of 4 
when the scan time is kept constant, the 
opportunity for the detector system to 
accumulate a statistically valid count over 
such a lesion is reduced by a factor of 16 or 
more, thus requiring at least a fourth power 
increase in the emitted detectable photon 
flux at the surface of the body or an ap- 
propriate increase in contrast or both, if 
statistical validity is to be maintained. 
These conditions are apparently achieved 
by substituting Г? for JP. 

The absolute dimensions of the smallest 
detectable lesions were estimated using the 
above criteria together with the efficiencies 
of optimal collimators.! Assuming, for the 
thyroid, 1 inch of overlying tissue, a 15 
minute scan time, 100 cm.* for the area 
scanned, and тоо rads for dose to the 
gland, a lesion 6.1 mm. in diameter should 
be detectable with I?', and 3.6 mm. in 
diameter with 17°. 

For the liver, with 1 inch overlying tis- 
sue, using a scan time of 30 minutes, 600 
cm.” for area scanned, and 200 mrad for 
radiation dosage to the liver, lesions 17 
mm. in diameter on the surface and 21 mm. 
in diameter 1 inch below the surface should 
be detectable with I. The corresponding 
figures for Г? are g mm. and 21 mm. These 
numbers are, of course, based on the as- 
sumption that the liver is not moving with 
respiration, and must be interpreted with 
this reservation. 

The size of a detectable lesion bv this 
statistical criterion. thus appears to be 
consistent with the experience gained by 
other investigators using I! for liver and 
thyroid scanning and we are hopeful that 
the predicted figures for I^ may be real- 
istic. 


CLINICAL MATERIAL 


The principal deterrent to the clinical 
and experimental use of iodine 125 has 
been its lack of availability. The com- 
mercially available 1% produced by the 
cyclotron bombardment of tellurium 18 
expensive and heavily contaminated with 
the undesirable 13 day Г®. The alternative 


152 


method of producing iodine 125 by the 
neutron activation of xenon 124 has been 
developed in our laboratory to the point 
where curie quantities with less than 2 per 
cent contamination have been produced, 
and 1t now appears feasible to consider the 
clinical use of this material on a substantial 
scale. 19 

As special detection equipment is not yet 
available for routine scanning of iodine 125, 
conventional unmodified equipment was 
used, and iodine 125 was substituted for 
iodine 131, microcurie for microcurie. Un- 
der these circumstances the radiation dos- 
age to the patient except under the most 
unfavorable circumstances was still less 
than that of I?! (see Table 11). 

In the present study, comparative thy- 
roid scans with iodine 125, and iodine 131 
were made on 10 patients, and comparative 
liver scans, using iodine-tagged rose bengal 
likewise were made on то patients. All pa- 
tients were selected on the basis of clini- 
cally suspected pathology. In all cases, 
iodine 125 was used first, followed by iodine 
31, in order to prevent the low energy 
Compton scatter from the iodine 131 inter- 
ferring with the low energy photons from 
iodine 125. Pulse height analysis was used 
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for both isotopes so that only the 364 kev. 
photopeak was observed for iodine 131 and 
the 27 to 35 kev. photopeak for iodine 125, 
The equipment was the Picker Magna 
scanner as described by Herring," the 19 
hole collimator being used for the liver 
scans and the 31 hole collimator for the 
thyroid scans. The thyroid patients were 
scanned 24 hours after administration of 
so uc of isotope. Those patients in whom 
the liver was scanned were given iodine 125 
and iodine 131-labeled rose bengal in doses 
of 3 uc per kg., without previous admin- 
istration of untagged rose bengal. 

As was expected, the count rates with 
iodine 125 averaged somewhat lower for 
the liver scans— 1,200 to 1,500 counts per 
minute with iodine 125 and 3,000 to 4,000 
counts per minute with iodine 131. This is 
not surprising since special detectors were 
not used for the iodine 125 and the attenua- 
tion of radiation in the aluminum can of 
the crystal alone accounts for an additional 
loss of 40 per cent in count rate. Neverthe- 
less, even under these circumstances, rep- 
resentative liver scans (Fig. 2, Z and В and 
3, А and B) show a remarkably improved 
visualization of surgically demonstrated 
hepatic metastases. 





Fic. 2, Rose bengal liver scans of the same patient using C7) I” and (В) pe with demonstration of surgi- 
cally proved metastases by P which are practically invisible using I?! (Picker Magna scanner, 19 hole 
collimator). 


. 
Vou. 87, No. 1 


1% to Increase Scanning Resolution [63 





Fic. 3. Demonstration of lesion using (4) 15 rose bengal liver scan which is 
practically invisible with (B) It, 


In general, the thyroid scans closely 
resembled those obtained with I. Cold 
nodules are better delineated, however, 
even though the count rates are lower, as 
observed in Figure 4, Æ and В which illus- 
trates the thyroid scans of a patient with 
multinodular nontoxic goiter. The many 
nodules are clearly demonstrated with 
iodine 125, but almost not at all with io- 
dine 131. The gross pathologic specimen is 
seen in Figure 5. 


DISCUSSION 


The single most consistent observation 
made in comparing scans made with the 
two isotopes is the over-all increase in con- 
trast in scans with I). It should be pointed 
out that the increased contrast in cold 
nodules demonstrated in the liver and 
thyroid is not entirely equivalent to the 
criteria for resolution presented in the 
earlier part of this paper. In the clinical 
cases the count rates far exceed the minimal 
values required for “statistical detection of 
a lesion." The isotope contrast becomes 
prominent under these circumstances and 
produces a greatly improved picture. 

It is interesting to speculate, and work is 
in progress at the moment to determine, 
how much further the picture can be im- 
proved by sharpening the collimator focus 


and sacrificing count rate. It is also possible 
that by judicious application of back- 
ground cut-off techniques the collimator 
focus may be sharpened in effect without 
as much loss in count rate. At the present 
time it seems completely justifiable to use 
I with the equipment available since, 
even under these unfavorable circum- 
stances, iodine 125 appears to be as good as 
or better than I?! in terms of producing a 
more clearly resolved scan of the thvroid 
and the liver. 

'The methods of contrast now in use, 
background cut-off, and video or photo- 
graphic manipulation,?? should be comple- 
mentary to the “built in" contrast in Г? 
scans. It is characteristic of all these meth- 
ods that some information must be sacri- 
ficed at least temporarily in order that 
other information may be accessible. Г? is 
no exception to the rule, as is seen in Table 
ш. While the possibility of detecting a 
lesion much beneath the surface of the 
liver 1s reduced to a relatively much greater 
extent than with the penetrating radiation 
of 1%, it is a matter of practical experience 
that such lesions, unless quite large, are 
much more difficult to detect by any type of 
scanning technique. It is obvious that to be 
most effective the liver scan should be 
circumferential rather than planar, as sug- 
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Fic. 4. (4) P” and (B) E?! scans of multinodular thyroid, 15 uc in gland 
(Picker Magna scanner using 31 hole collimator). 


gested by Kuhl, and under these circum- 
stances a collimator with shorter focus and 
higher efficiency. would be more effective, 
giving clearer pictures of the entire “visi- 
ble” surface of the liver, and permitting 
visualization of lesions on the lateral and 
posterior aspects of the Hver, at present 
hidden in a frontal, planar scan. The use of 
more efficient, shorter focus collimators 
introduces divergence into the region of 
view to a greater extent although the di- 
vergence beyond the focal point is of little 
importance because photons originating at 
this depth are largely attenuated in the 
overlying tissue. This circumstance and 
the much larger area to be looked at in a 
circumferential scan suggest that multiple 
detectors would probably achieve the best 
results. 

While the relatively low radiation dosage 
to the liver produced by tagged rose bengal 
permits justification of efforts to increase 
the resolution of the liver scan, this posi- 


tion Is not so readily tenable in thyroid 
scanning, and it would appear wise to ex- 
pend a considerable portion of the advan- 
tage gained from the use of I? in reducing 





Fic. 4. Surgical specimen of thyroid shown 
in Figure 4, Æ and В. 
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the radiation dosage to the gland resulting 
from this procedure. 

Other advantages accruing from the use 
of 1° are the long shelf life (бо day half 
life), low shielding requirements, and low 
background possible when a thin crvstal is 
used. 5: 9:19.15 


SUMMARY 


Experimental and clinical studies have 
demonstrated that P? may be substituted 
for I! for liver and thyroid scanning with 
considerable advantage. The radiation dose 
to the patient may be reduced, the resolu- 
tion and contrast of the scan increased, and 
the advantage of the long shelf life of the 
isotope may be enjoved even without 
special detection equipment. When such 
equipment is used, the sensitivity of detec- 
tion may be increased by an order of 
magnitude over that of available commer- 
cial scanning devices using I'!, It seems 
probable that the isotope will become 
available commercially in the near future 
since the technical difficulties of producing 
substantial quantities of adequate purity 
appear to have been overcome. 


Paul Harper, M.D. 
Professor of Surgery 

The University of Chicago 
950 East soth Street 
Chicago, Illinois 
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SOME MODIFICATIONS OF PHOTO- 
SCANNING TECHNIQUES* 


By HAROLD L. ENDLICH, M.D. 


CHICAGO, ILLINOIS 


HE ultimate criterion of a successful 

isotopic scan is its statistical validity. 
However, the production of a scan which 
yields the maximum amount of clinical 
information is of no less importance. 

With simple modifications in the use of a 
commercially available — photorecording 
scanner, excellent photoscans may be pro- 
duced. This model scanner has provision 
for simultaneous dot scan and photore- 
cording. The details of the engineering and 
electronics of this scanner may be found in 
an article by Herring.! 

The initial change made in the scanner 
was the substitution of a 31 hole fine point 
focus collimator for a 19 hole point focus 
collimator. The new collimator, as expected, 
greatly improved the resolution of the 
thyroid scans, though the efficiency of the 
31 hole collimator is approximatelv 16 per 
cent that of the rg hole collimator. The loss 
in efficiency has been compensated for sta- 
tistically bv the use of slightly larger doses 
of radioactive material. In the case of 
thyroid scanning, this has meant the use of 
50 ис instead of 10 uc of P*, Further sta- 
tistical accuracy is accomplished by the 
reduction in scan speed from 3o to 10 
cm./min. For the average thvroid scan, 
excluding substernal scanning, this means 
a total scan time of about 20 to 30 minutes, 
which is usually well within the range of 
patient cooperation, even for a person with 
hyperthyroidism. Of course, with liver 
scanning or for scans of larger surface area, 
time becomes a crucial factor and it is 
usually necessary to resort to the 19 hole 
collimator, a faster scan speed, and larger 
doses of radioactive materials. Additional 
improvement in counting statistics is ac- 
complished by the use of a large scintilla- 


tion crystal when using the 31: hole colli- 
mator. A 3 inch by 2 inch sodium iodide 
crystal is used in this particular instrument. 

Preliminary scans were made with a 
lucite phantom, shaped to simulate the 
actual size and contour of the human thy- 
roid. The phantom contains three lucite 
dowels measuring 13 mm., то mm. and 6 
mm., respectively (Fig. 1). The phantom 
was also constructed so that the left lobe is 
half the depth of the right lobe. Hence, at 
any moment the left lobe contains half the 
radioactivity of the right lobe. An 11 mm. 
hole is placed in the left lower lobe (Fig. 1) 
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C = COLD H = HOT 


Fic. 1. Lucite phantom with three "cold" nodules 
and one "hot" nodule. 


* From the Department of Radiology, the University of Chicago, Chicago, lilinois, Delivered at the meeting of The Society of 


Nuclear Medicine, June 23-25, 1960. 
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Fic. 2. Original photoscan of the phantom. 
over-all density is too great and resolution is lack- 
ing. 


to simulate a “hot nodule;" the three 
dowels are designed to represent “соја 
nodules." The phantom is filled with ap- 
proximately то to 15 uc of I?! which is the 
amount one might expect to be concen- 
trated by a euthyroid gland, assuming an 
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average uptake in the range of 20 to 30 per 
cent and using an administered dose ‘of 50 
uc. 

Despite the modifications mentioned, 
the original scans of the phantom lacked 
significant detail (Fig. 2). Only the largest 
of the three cold nodules was resolved. The 
over-all density of the scan was obviously 
too great. The photorecording dot over- 
lapped and covered every point on the film 
twice, thus causing double exposure. In an 
attempt to eliminate this overexposure due 
to overlap, the index spacing was increased 
(Fig. 3). Unfortunately, because there is no 
provision for separate spacing of the dot 
scan and photoscan, increasing the spacing 
between the photorecording dot automati- 

cally caused the width between the lines of 
the dot scan to be too wide for accuracy. 
The next step was obvious. A 1.5 mm. light 
collimator was placed over the cathode 
tube light source, which, when uncolli- 
mated, measured 5 mm. in diameter (Fig. 
4). Without any other change, the use of 
the small bore light collimator gave scans 
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3. Diagrams showing the effect of proper and improper index spacing pect the en photorecording 


dot. The last line shows how this problem is corrected by the use of the small bore light collimator, 
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lic. 4. Diagram illustrating the method used to 
collimate the photocathode light source. 


with superior resolution. Figure 5 shows a 
scan of the same phantom as illustrated in 
Figure 2 but now all three cold nodules and 
the single hot nodule are well defined. 


Moreover, the difference in the amount of 


I? on the two sides of the gland is readily 
apparent. 

Up to this point, the control settings for 
photoscanning were used exactly as recom- 
mended by the manufacturer. However, 
with the modifications described, certain of 
these control settings were changed to fur- 
ther improve the results. The scanner has a 
pulse height analyzer. Since all of our scans 
have utilized I! or compounds containing 
I, we have set the pulse height analyzer 
with a base line of 300 volts and a 10 volt 
window above this level. The utilization of 
differential counting lowers the count rate 
efficiency but enables one to count only the 
photoelectric peak of I" ( (364. kvp.) and 
reject the Compton scatter of lower energy 
value. 

Except for spacing, the control settings 
for the dot scan and the photoscan are 
separate, allowing some alteration in the 
dot scan without affecting the photoscan., 
The dot factor control determines the ratio 
of scintillations received by the crystal per 
dot recorded on the teledeltos paper. The 
manufacturer recommends that the dot 
factor be calculated on the basis of average 
maximum counts per minute and scan 
speed as follows: 
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Dot Factor — è 
Average Maximum Counts ре Minute 


Scan Speed X 6 


We have found that the use of 12 instead of 
6 as a constant in the denominator gives 
dot scans of better resolution, 

Setting the count rate, range of counts, 
and time constant is done in the same way 
as with any counting device. However, 
there are two notable exceptions with this 
scanner, One is the density control; the 
other is the counts per minute range differ- 
ential control (C.P.M.R.D.). 

These two controls directly affect the 
density and contrast of the photoscan and 
have no effect on the dot scan. The recom- 
mended density setting is based on scan 
speed and average maximum counts per 
minute as follows: 


Average Maximum Counts per 
Minute X Density 
—À — — = 4,000 
Scan Speed 


Using the small bore light collimator as de- 
scribed, it is frequently desirable to employ 
a density setting of twice the calculated 
setting. This will theoretically make every 
dot on the scan twice as black. However, 
experience has indicated that scan density 
is rarely as important diagnostically as 
scan contrast, since contrast is the one 
factor which will enable the eve to differ- 
entiate an area which has increased or de- 
creased activity compared to the rest of the 
organ being scanned. This, of course, is 
crucial for the discrimination of hot or cold 
nodules from surrounding tissue. 

Contrast is determined by a host of fac- 
tors which include scan speed, tvpe of 
collimator, amount of radioactive material 
used, inherent film contrast, developing 
technique, and the counts per minute range 
differential setting. Most of these factors 
can be kept reasonably constant. We used 
the same scan speed, a 31 hole collimator, 
and a similar amount of radioactive ma- 
terial for all thyroid scans. Routine use of 
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Kodak Blue Brand film and X-Omat de- 
velopment insures control over these fac- 
tors. 

The major variable surrounds the use of 
the counts per minute range differential 
setting. In theory, this circuit is designed 
so that the count rate range of the tissues 
being scanned can be superimposed upon 
the density limits of the film being used. 
For example, in surveving a neck for thy- 
roid scan, it might be found that the count- 
ing rate varied from 10,000 counts per 
minute over the gland to 2,000 counts per 
minute over the neck. The counts per 
minute range differential can now be set so 
that at 2,000 counts per minute the dot 
density recorded on the film will equal 0.3, 
which should be just above the base fog 
level of the film. The upper limit of 10,000 
counts per minute can then be made to give 
a film density of 2.0, which should be 
opaque black (Fig. 6). This should yield a 
photoscan of long scale or low contrast. 

In most instances this type of photoscan 
should give a maximum amount of infor- 
mation. However, should a scan of high 
contrast be desired, perhaps to separate 
tissues having count rates very close to 
each other, this can be done. The contrast 
can be increased by setting the counts per 
minute range differential control to a lower 
value than calculated. The count rate 





Fic. 5. Photoscan of the same phantom as in Figure 2 
using a small bore light collimator. 


Photoscanning Technique 


25 


2.0 


DENSITY 


0.5 


C Are oes Bb FE S, 


COUNT RATE х 1000 


it °2 


13 14 15 


Fic. 6. Graph illustrating how the target to non- 
target count rate ratio is superimposed upon the 
the film density latitude. 


circuit, which normally causes the cathode 
to get brighter with increased count rate, 
will now cause an even greater intensity of 
cathode brightness for any given counting 
rate. If, for example, a thyroid nodule had 
а count rate of 9,000 and the surrounding 
gland a count rate of 10,000, a high con- 
trast photoscan would help to accentuate 
this difference, which otherwise might not 
have been appreciated with a low contrast 
scan (Fig. 7). It should be noted, however, 
that an adjustment which yields a short 
scale or high contrast photoscan will neces- 
sarily mean the loss of important detail 
(Fig. 8), which usually is undesirable. 
Frequently, when a patient who 1s sus- 
pected of having a nodular thyroid or 
carcinoma of the thvroid is referred to the 
isotope laboratory for a scan, one does not 
know beforehand whether the nodules being 
scanned are "hot" or “cold.” Therefore, it 
is best not to employ the high contrast 
technique of scanning unless preliminary 
scans suggest evidence that the nodules are 
in a density range which might be difficult 
to interpret, due to the statistical varia- 
tions in the scan itself. Such instances 
warrant a rescanning of these areas em- 
ploving a lower counts per minute range 
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Fic. 7. Graph illustrating how a high contrast 
effect can be obtained by using a lower counts per 
minute range differential (C.P.M.R.D.) setting in 
order to accentuate the target to nontarget ratio. 


differential setting for 
enhancement. 


greater contrast 


SUMMARY 


Experience with a commercially avail- 
able thyroid scanner has led to the adop- 
tion of the following modifications in 
technique which have resulted in greatly 
improved photoscans: 

т. Use of a 31 hole fine point focus colli- 
mator. 

2. Use of slow scan speeds—10 cm. per 
minute for the average thyroid scan. 

3. Use of a small bore light collimator on 


* 


the cathode light source. 
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Fic. 8. Photescan illustrating the effect of using a 
lowered counts per minute range differential 
setting to exaggerate the target to nontarget 
ratio. Note that significant detail is lost from the 
upper portion of the left lobe by this method. 


4. Use of proper development time and 
solutions. 

5. Use of proper density and contrast 
settings. In general, the low contrast, long 
range scale is found to vield the most infor- 
mation. 
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University of Chicago 
950 East soth Street 
Chicago 37, Hlincis 
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‘DELINEATION OF HUMAN KIDNEYS BY 
SCINTILLATION SCANNING* 


By ROBERT D. WESTPHAL, M.D., J. К. RISSER, Px.D., 
and MARY С. ’ MORGAN, M.D. 


ETHEL E. ERICKSON, M.D., 


HOU pe N, 


ELINEATION of renal parenchyma 

by scintillation scanning techniques 
will extend and support diagnostic infor- 
mation obtained from intravenous pyel- 
ography, retrograde pyelography or aortic 
angiography. The purpose of this paper is 
to present a simple method of renal scan- 
ning using I labeled 10dopyracet (dio- 
drast) or ortho-iodohippuric acid (hip- 
puran) with pertinent radiation data. Our 
experience in scanning 60 patients with a 
variety of renal disease including tumor, 
pyelonephritis, vascular hypertension, con- 
genital abnormalities, hydronephrosis and 
renal i injury will be presented together with 
illustrative roentgenograms and scans. 
While renal scanning using Hg?"-Hg?'* la- 
beled chlormerodrin has been reported to 
be successful? there are advantages in the 
use of a rapidly excreted I! labeled con- 
trast medium. These advantages will be 
presented with illustrative data. 


METHOD AND MATERIAL 


In the first 12 patients studied, 480 to 
1,000 ис sterile diodrast Г# was injected 
over a 2 minute period bv way of a tube 
through which an infusion of 5 per cent 
dextrose in water was running. After a т 
minute flush of the tubing, the infusion 
was slowed to 20 to 30 drops per minute, 
when a second injection was anticipated. 
Generally, only one injection was required 
when kidneys were delineated at a similar 
level as seen on excretory urograms or su- 
pine roentgenograms of the kidnevs, ureters 
and bladder. When one kidney was at a 
significantly different level, a second injec- 
tion was made after completion of the 
scanning of one side. Although scanning 
was satisfactory in most patients with dio- 


DONALD MOTZKIN, M.D., 


TEXAS 


drast I?!, patients with borderline renal 
function failed to concentrate sufficient ['?! 
in the renal area and localized it in the 
hepatic area. This tended to obscure the 
right kidney and, in normal individuals, 
also resulted in delayed excretion of the 
diodrast. 

In the remaining 48 patients, 390 to 810 
ис hippuran I was used as described 
above with no hepatic localization seen on 
the scan. The dosage was estimated on the 
basis of body weight at 8—14 uc per kg. 

Scanning was performed with a colli- 
mator! having a single aperture 7/8 inch in 
diameter by 6 inches long, with a 1 inch 
by r inch sodium iodide (thallium acti- 
vated) scintillation crystal. Prior to injec- 
tion, pulse height and bias settings for 
counting of the 0.364 теу. I?! gamma rays 
were accomplished and scan spacing was 
determined from appropriate anatomic 
landmarks. Routine scanning speed was 0.9 
cm. per second. Wherever possible, the first 
scanning row was located about 1.0 to 2.0 
cm. above the expected location of the 
superior pole of the higher kidney. Usu- 
ally a cephalad to caudad direction of 
scanning was employed. Time required for 
a complete study varied from 20 to 30 
minutes when two injections were needed. 

Serial blood samples were obtained for 
radioassay in 10 patients receiving diodrast 
I?! and in 12 patients receiving hippuran 
Г; calculations of millirad exposure to 
blóod and whole body were done, as pre- 
viously described. Urinary excretion was 

calculated from samples collected during 
the first 3 to 24 hours after injection of 
either I?! labeled material. Serial deter- 
minations of hematocrit, white blood cells 
and platelets were performed in 11 patients 


* From the Veterans Administration Hospital, Rice University and Baylor University College of Medicine, Houston, Texas. 
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Vic. 1. Case 1. (4) Urogram. (8) Renal scan shows lateral displacement of the right kidney and a defect 





in the localization of I 


‘in the right upper pole. (The scan is done with the patient prone, therefore the 


left and right sides are reversed, as compared to the urogram which is done with the patient supine.) 


receiving diodrast IP! Thyroid blocking 
with a saturated solution of potassium 
iodide was carried out in patients unpro- 
tected by prior urography or studied more 
than 2 weeks after examinations using 
excretory urographic media or other iodine 
containing contrast media. 
RESULTS 

On the basis of previous work,’ it was 
anticipated that doses of diodrast I?! in 
the range of 2 to 2.5 mc would be required 
for satisfactory scanning in humans. How- 
ever, doses of 480 to 1,000 ис proved ade- 
quate and resulted in whole body radia- 
tion exposures ranging from 38 mrads in 
the first 48 hours to 123 mrads in the first 
24 hours. A significant rise in blood radio- 
activity occurred between 20 and 45 min- 
utes after injection, supporting the evi- 
dence obtained in scanning for significant 
hepatic localization. When hippuran 1 
was used, the radiation exposure ranged 
from 31 to 125 mrads during the first 24 
hours after injection. À rough inverse cor- 
relation of renal function and exposure was 
seen in both groups studied. Satisfactory 
renal scanning was performed in several 
patients in whom excretory urography 
could not be done because of blood urea 
nitrogen retention of 40 to Jo mg. рег 
cent. Serial determinations of hematocrit, 
white blood cells and platelets revealed no 


changes which could be attributed to radia- 
tion exposure. 

Seventy-seven scans were performed in 
6o patients with clinical diagnoses as fol- 
lows: normal renal function and pvelo- 
graphic studies, renal carcinoma, renal cvst, 
polycystic disease of the kidneys, horseshoe 
kidneys, pyelonephritis, hypertension due 
to renovascular disease, hydronephrosis, 
and renal injury. Case reports with illus- 
trative renal scans and urographic studies 
have been chosen for each disease category 
listed. 


ILLUSTRATIVE CASES 


Case 1. A fifty-four year old man presenting 
with metastatic papillary carcinoma to the 
cervical lymph nodes was investigated over a 6 
month period to determine the primary origin 
of the tumor. The urogram is shown in Figure 
td, At exploratory laparotomy, a tumor was 
found in the superior pole of the right kidney; 
massive extension into the retroperitoneal 
tissues had occurred. Figure 1B is the scan ob- 
tained in this patient. 


Comment. The scan (Fig. 18) shows 
lateral displacement of the right kidney 
and a defect in I localization in the right 
upper pole. 


Case u. A seventy-seven year old man pres- 
ented with abdominal pain, weight loss and 
weakness. Retrograde urography (Fig. 24) 
suggested tumor deformity of the left upper 
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pole. Scanning was done during an episode of 
azotemia and fever which followed the retro- 


grade urographic examination. Subsequent 
abdominal exploration revealed a renal cyst 
(Fig. 2C) and hepatic metastatic carcinoma of 
undetermined origin. 


Comment. The scan (Fig. 2B) clearly 
revealed the absence of P* localization in 
the left upper. pole, together with down- 
ward displacement of the left kidney. The 
parenchymal location of the cvst explains 
the marked deformitv seen on the renal 
scan and the minimal deformity revealed 
by retrograde pyelography. 


Case їп. A forty-seven year old man with 
known sickle cell trait was investigated for a 
solitary episode of painless hematuria. Retro- 
grade pyelography (Fig. 3, Æ and B) and a 
renal scan (Fig. 3C) were done. A clinical 
diagnosis of polycystic disease of the kidneys 
was made. 


Comment. Symmetric defects by Pp% 
localization in the lower pole are shown in 


Fic. 2. Case п. (4) Retrograde urogram 
shows a minimal deformity in the left 
upper pole. (В) Renal scan shows a 
marked deformity. (C) Photograph of 
the cyst found at operation. 


the scan; symmetric lesions of the middle 
calyces are shown on the roentgenograms. 


Case ту. A forty year old man with severe 
hypertension of 6 years' duration had a bilateral 
dorsal sympathectomy performed 53 years be- 
fore this investigation. Only temporary relief 
of the hypertension occurred and he was later 
treated with antihypertensive drugs with mini- 
mal results. The intravenous pyelogram (Fig. 
44) showed a large normally functioning right 
kidney and a small left kidney with decreased 
function. The aortogram (Fig. 4А), made prior 
to the renal scan, revealed left renal artery 
stenosis. The results of split function studies are 
shown in Table 1. At operation an athero- 
sclerotic plaque was found to be causing the 
renal artery stenosis. Endarterectomy and 
dacron patch angioplasty were performed. 


Comment. Preoperative renal scan (Fig. 
4C) revealed poor I"! localization on the 
left and enlargement of the kidney paren- 
chyma on the right. 


Case v. A thirty-five year old man with 
diabetes and hypertension was investigated for 


164 Westphal, Risser, Motzkin, Erickson, and Morgan 





ELPRE i A 

! ЖО PEF gtt ang or gd g 

Poy baba proa j 

үй gk К, E ERT 

ЖАКТ ШИЕ 

i e | PUNE PE: 

ТТИ 

Fa gl V imu "unu 

FO PH p m d nj 
| 


— 





| pp mn 1 

DE CHE Ham i d ni 

7 АНЛА | 
PH nnp a prr dp og 


ИО 
COIT BPP ie (3 0E: 4 
t Bae Pb vp Pek] 
i б ба | 
} ECE t ! Pod i 
! AE ! 
, E | 
С ! | ' 
i i | i 
1 $ 


ШКА | 
rnm CU 11 rg jd 
M 


i 
! 
! 


| ! i 
124% ! E! ү ] 
iE EEEE dp gr d 
Nee rd | | 
rd ТЕНЕ ring pr! 
ЭТЕЛЛЕ 


pora sped n nmm e 
Forpra mg qm LAL 
E rar HOUTA pm n 
! rtp pam 
Pop OE nr ram pn 


tod HY) Ea gt 
POOP gp ERO AIM 


ЭКЕЛТ 


no niti dg] 
young d 


mim a! 
MEW id dg 


nmm 





nur p 


ТЕНТИ 
рок 





КО prp dd 
р bri] 
pad ob td 
| | Козо] 
o] 4 oyu 
| [i +} 
pou dur 
i 1 
| i 
| i 
| | 
| П 
' 
i 
i 
} ! 


Jasuaty, 1 





И jg H 


mp peed 
mann d a d 


UR err d „б, 
ннн! 


инн! | 


ртр 
и! 
И 
Pag 
Fog! 

E 

ү ! 
n 

; | 
! 

i 


Vic. д. Case tii. (4) Left and (№) rght retrograde pyelograms show symmetric lesions of the middle 


calyces. (C) Renal scan shows symmetric defects in the 
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localization of I?! in the lower pole. 
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Fic. 4. Case ту. (4) Intravenous pyelogram shows a large normally functioning right kidney and a small 


left kidney with decreased function. 


(В) Aortogram reveals left renal artery stenosis. (C) Renal scan 


shows poor localization of I?! on the left and enlargement of the parenchyma on the right. 


possible renal lesions. Intravenous pyelography 
and B) and da es (Fig. 5С) 
were done. The renal scan, made before per- 
forming aortographv, is shown і in Figure 5D. 


(Fig. 5, 4 


Comment. Lack of arterial supply to the 
lower pole of the right kidney is seen in 
both the aortogram and scan. The gen- 
eralized narrowing of the vascular supply 
to the left kidney is also confirmed in the 
scan. 


Case vi. A forty-two year old man with 
horseshoe kidneys hypertension of 4 years’ 
duration and blood urea nitrogen of 46 mg. per 
cent was admitted for control of hypertension. 

The diagnosis of the congenital anomaly was 

verified by retrograde pyelography, since no 
ci ca could be obtained by the intra- 
venous technique. 


A plain roentgenogram of 


the abdomen (Fig. 6.7) and the renal scan 
(Fig. 6B) are presented. 


Comment. Clear delineation of the ab- 
normality of the axes of the kidneys and 
lack of function in the midline segment are 
shown on the renal scan in spite of non- 
visualization by intravenous techniques. 


Case уп. A thirty-three year old man had 
three episodes of lumbar pain and micro- 
scopically detected pyuria for which short 
courses of antibiotics were given in the 13 years 
prior to this investigation. He had never had 
fever, hematuria or passage of calculus. During 
the fourth episode, pain was more severe on the 
left side. Physical examination was unrevealing 
and laboratory studies showed normal renal 
function and a sterile urine culture after anti- 
biotic therapy. Urographic examination (Fig. 
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7,1) revealed a nonfunctioning kidney on the 
left, found to be hydronephrotic by retrograde 
examination. The scan of the kidneys is shown 
in Figure 7B. At л the hydronephrosis 
of the left kidney (Fig. 7, C and D) was found 
to be due to an jme uction at the ureteropelvic 
junction. The wall of the Һу nephrotic sac 
consisted of a thin layer of renal tissue involved 
in an acute pyelitic process. 


Comment. The scan revealed the lack of 
significant functioning renal tissue on 
the left side and the enlargement of the 
right kidney. 


Cast уш, A forty-four year old man with 
bilateral hydronephrosis of 7 years’ duration 
was known to have had lower urinary tract 
obstruction, a right pyeloplasty, and previous 
pyelonephritis. Intravenous — pyelography 
showed prompt excretion on the left at 3 min- 
utes and excretion on the right at 10 minutes. 
Neither ureter was visualized until 2 hours 
after the injection (Fig. 8.7). Both kidneys 
drained completely between 4 and 8 hours. 
Scans done immediately after injection and at 
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Fic. 5. Case v. (4 and В) Intravenous pyelo- 
i grams. (C) Аш апа (D) renal scan 
demonstrate lack of arterial supply to the 
lower pole of the right kidney. 


Tase | 
RESULTS OF SPLIT FUNCTION STUDIES IN CASE IV 


Urine from 


Jaxvary, 1962 





Right Kidney Le 


ft Kidney 





Urine Volume 10.5 ml. o.6 ml. 
6.8 ml о.б ml. 
6.5 ml 0.4 ml. 
G.F.R. (inulin) 95 mL/min. to ml. /min. 
82 ml./min. о ml/min. 
86 ml./min. 8 ml/min. 
R.P.E. (Р.А.Н.) 465 ml/min. 63 ml./min. 
310 ml. /min. £6 ml./min. 


322 ml/min. 41 ml/min. 


Plasma Na 140 mEq./L. 
Plasma Creatinine 1.7 mg. per cent 
Urine Na 139 mEq./L. 87 mEq./L. 


Urine Creatinine — 79 mg. per 


cent 


180 mg. 
cent 


per 
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Vic. 6, Case vr. (4) Plain roentgenogram of a patient with horseshoe kidneys. (В) Renal scan demonstrates! 
the abnormality of the axes and lack of function in the midline segment. 
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Fic. 7. Case vir. (4) Urogram reveals a 
nonfunctioning left kidney. (В) Renal 
scan shows no significant functioning 
of renal tissue on the left side and en- 
largement. of the right kidney. (C 
and D) Operative specimen. 
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Fic. 8. Case уш. (4) Intravenous pyelogram, with 
the ureters first visualized 2 hours after the in- 
jection. 
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до minutes, 25 hours, and 5} hours after injec- 
tion are shown in Figure 8, B-E. 


Comment. The scan done immediately 
after injection demonstrates good function 
bilaterally in the presence of severe ob- 
struction of long duration. The serial scans 
show progressive drainage with complete 
clearance of the left kidney and significant 
retention in the right kidney at $4 hours. 
To obtain similar information using intra- 
venous pvelographic techniques, the pa- 
tient would receive at least 4 to 5 times the 
total body irradiation delivered by the ['*! 
during the scanning procedure. 


Case IX. A twenty-five year old man pre- 
sented with symptoms of lower urinary tract 





+ 


Fic. 8. (B-E) Renal scans immediately after injection and at 30 minutes, 23 hours and £i hours, respec- 


tively, show progressive drainage wich complete clearance of the left kidney and significant retention in 


the right kidney at 54 hours. 


. 
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obstructioh and microscopically evident hema- 
turia. Diagnostic investigation consisted of 
cystoscopy and panendoscopy as well as bi- 
lateral retrograde pyelography. Pre-instru- 
mentation urine culture was sterile and intra- 
venous pyelography was normal. Immediately 
following instrumentation, the patient's tem- 
perature rose to 102°F. Urine and blood cultures 
revealed growth of Staphylococcus aureus. 
Phenolsulfonphthalein excretion was 20 per 
cent In 15 minutes. Creatinine was 0.9 mg. per 
cent. A renal scan was done within 24 hours 
(Fig. 9.4). Chloramphenicol was given for 1 
week and a repeat scan was done in 2 weeks 
(Fig. 9B) when the patient was asymptomatic. 


Comment. The initial scan revealed 
patchy and diminished 1 localization 
throughout both renal areas, but more 
marked on the left. The scan performed 
after 2 weeks showed an increase in and 
greater uniformity of I! concentration. 


Case x. A thirty-four year old woman was 
admitted for urethral metastatic carcinoma. 
During hospitalization in the previous year, a 
Wertheim procedure and cystectomy with 
ureteral ileal loop diversion were performed for 
carcinoma of the cervix. Postoperatively, septic 
left hydronephrosis due to stricture of the left 
ureter developed, for which an emergency left 
nephrostomy was done. The stricture was 
surgically corrected and the nephrostomy tube 
was removed. Intravenous pyelography (Fig. 
10/7) done то months later shows prompt ехсге- 
tion with no evidence of hydronephrosis. The 
scan done during this period is shown in Figure 


108. 


Comment. The scar of the previous 
nephrostomy is shown plainly on the scan. 
Diminished P? localization is seen in the 
right upper pole and the prompt appear- 
ance of I in the ileal loop is demon- 
strated. 


DISCUSSION 


The simplicity and speed of scanning 
procedures using either diodrast I?! or 
hippuran [ are obvious advantages to 
both patient and physician. No prepara- 
tion aside from thyroid protection has been 
necessary. Preparatory dehydration with 


Scintillation Scanning of Kidneys 





Fic. 9. Case 1x. (4) Initial scan and (B) scan made 
two weeks after 4 shows the increase in and the 
greater uniformity of the concentration of 18 
after the patient had been treated for a staphylo- 
coccic infection. 


the attendant hazard of nitrogen retention 
is completely avoided. Intravenous or 
retrograde pyelography, aortography, or 
even surgery may be performed during the 
same day. Repeat scans can be undertaken 
when desired within 24 hours, due to the 
rapid excretion of these contrast media. 
Evaluation is possible in the presence of 
mild azotemia (blood urea nitrogen in the 
range of 40 to 70 mg. per cent). Although 
боо to 800 uc I?! 15 administered, retention 
in the blood with consequent total bodv 
and marrow irradiation 1s small and doses 
of the order of one-third to one-tenth of 
those received during roentgen-rav pro- 
cedures are sustained. Wagner e a/.* state 
that when using Но? Но? labeled neohy- 
drin, the radiation exposure is less than o.5 
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Via. то. Case x. (4) Intravenous pyelogram (то months after left nephrostomy for septic hydronephrosis) 
shows no evidence of hydronephrosis. (B) Scan shows evidence of the scar from the previous nephrostomy, 
with diminished localization of 1! in the right upper pole and its prompt appearance in the ileal loop. 


rad, with the longer retention of labeled 
diuretics. Our serial studies have resulted 
in a combined exposure no greater than 
that from a single intravenous pyelographic 
examination. The disadvantage of rapid 
excretion is the absolute necessity for 
prompt performance of the scanning; if 
attention is paid in advance to anatomic 
landmarks, space setting, photopeak set- 
ting, etc., no problems are encountered 
under usual circumstances. The study can 
be completed in 20 minutes unless, due to 
an unusual location of the kidnevs, each 
kidney must be studied separately and a 
second injection has to be done. In addi- 
ton to minimizing radiation exposure 
through prompt excretion, the rapid transit 
of the medium allows one to follow it from 
the renal parenchyma to the pelvis and to 
assess drainage of the pelvis in those cases 
where such information is necessary 

The correlation of the scan and clinical 
data has been impressive. Abnormalities of 
scan appearance alone have prompted fur- 
ther fruitful investigation by aortography 
or split function studies. Thus, on the basis 
of the present study, renal scanning offers 
further information and extends data ob- 
tained by conventional methods. 





SUMMARY 


A method of scanning human kidneys 
has been presented. Illustrative scans are 
given for patients with tumor deformity, 
renovascular lesions, infection, hydrone- 
phrosis, congenital anomalv and renal 
injury. The technique offers no significant 
radiation hazard and appears to be a safe 
screening method for obtaining information 
in patients who otherwise would be sub- 
jected to aortography and split function 
studies. 


Robert D. Westphal, M.D. 
Veterans Administration Hospital 
Bay Pines, Florida 
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THE ‘RELATION OF RADIOIODINE DOSIMETRY TO 
RESULTS AND COMPLICATIONS IN THE TREAT- 
MENT OF METASTATIC THYROID CANCER* 

By RICHARD S. BENUA, M.D., NORMA R. CICALE, MARTIN SONENBERG, M.D., Px.D., 
and RULON W. RAWSON, M.D. 


NEW YORK, NEW YORK 


A/ HEN radioactive iodine first became 
available as a by-product from the 
Atomic Energy Commission for use in the 
study and treatment of thyroid diseases at 
Memorial Center, a cooperative project, in 
which representatives from the Depart- 
ments of Medicine, Pathologv, Physics and 
Surgery participated, was organized to 
study the possibilities of treating metastatic 
cancer of the thyroid with radioactive io- 
dine. In the past 12 years this program has 
been under the direction of the Endocrine 
Service of the Department of Medicine. 

It was well known that most cancers of 
the thyroid had no function but that an 
occasional, unusual cancer of the thyroid 
did acquire function, usually in patients 
who had been previouslv thyroidecto- 
mized.” The early efforts to treat meta- 
static cancers of the thyroid with radio- 
active iodine were characterized by at- 
tempts to induce function in such cancers 
by removal of the normal thyroid, the 
administration of thyrotropic hormone!*:? 
and periods of treatment with goitrogenic 
agents such as thiouracil.^'? [t was ob- 
served that a series of small doses could 
result in a fatal depression of hematopoiesis. 
This early experience also showed that 
metastases treated either with small re- 
peated doses of I?! or with external irradia- 
tion seemed to lose the abilitv to function 
but continued to grow.!? 

In mid-1949, on the basis of the above 
observations, it was resolved to treat no 
metastatic cancers of the thyroid until 
after the induction of optimum function in 


the metastases, and to use the largest dose 
of radioactive iodine considered safe and 
therapeutic on the basis of dosimetric 
studies. In 43 instances between 1949 and 
1956 the dose exceeded 200 me. In 1956, 
the AEC began to include in the I?! license 
a limit of 200 mc on single doses for cancer. 
Special permission to use larger doses in 10 
patients was granted under the Memorial 
Center license in 1958. 

The present paper reports the experience 
with I?! in the treatment of thyroid cancer 
at Memorial Center between October, 1946 
and the end of 1960. Many of the patients 
have been mentioned in prior publications, 
1,5-1,5 but a new attempt at follow-up 
and a complete recalculation of the dosim- 
etry have been made for each. The reader is 
referred elsewhere for a review of the his- 
torical beginnings of I therapy of thyroid 
cancer? ? and for recent clinical reports by 
others.*.1^?: 


METHODS 

Selected patients with histologically 
proven thyroid cancer who came to Me- 
morial Sloan-Kettering Cancer Center were 
seen in the Department of Medicine for 
consideration of radioiodine treatment. 
Such patients included less than half of all 
thyroid cancer patients coming to the 
Center. When possible, diagnostic studies 
with radioiodine were carried out, using a 
hand bodv scan technique and scintigrams, 
when necessary, either before or after 
surgery. 

In the present report, doses of I! given 


* From the Departments of Medicine and Physics and the Divisions of Clinical Investigation and Biophysics, Memorial Sloan- 


Kettering Cancer Center. 


Presented at the meeting of the American Thyroid Association, Philadelphia, Pennsylvania, May 3-6, 1961. 
Supported in part by grants-in-aid from the American Cancer Society (P-81, T-71), the Damon Runyon Memorial Fund (DRG 
577, DRG 442), the Atomic Energy Commission, under contract AT (3o-1)-910 and the National Cancer Institute, U. S, Public 
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to destroy residual normal thyroid tissue п 
the presence of thyroid cancer, Le, thv- 
roidectomizing doses, are considered sepa- 
rately from those given to destroy metas- 
tases. The latter are designated as cancer 
therapeutic doses. Thyroidectomy, either 
by surgery or radioiodine, was nearly ak 
ways used as the first step in obtaining 
adequate uptake in metastases. *? During 
the period covered, 73 patients received 8: 
thyroidectomizing doses of I? for thvroic 
cancer, Six patients received 2 doses and 1 
had 3 doses to hasten the thyroidectomy 
because of a pressing clinical situation. The 
average thyroidectomizing dose was 67 mc, 
but in recent years an arbitrarily selected 
dose of either 75 or 100 me has been used 
routinely to ablate the normal thyroid. 
Tracer studies but no dosimetric studies 
were performed before the thvroidectomiz- 
ing dose was given, and measurements after 
such treatments were often limited to a 24 
or 48 hour thyroid uptake. 

Cancer therapeutic doses were subse- 
quently given to 26 of the 73 radioiodine- 
thvroidectomized patients. Of all the 
patients receiving cancer therapeutic doses 
of I", 28 had had "total" surgical thv- 
roidectomy. Radioiodine was required to 
complete the thyroidectomy in 4 of these 
cases. Only 5 patients received cancer 
therapeutic doses without a previous at- 
tempt at thyroid ablation. In general, 
cancer therapeutic doses were given only 
when tumor uptake was demonstrated by 
external counting. 

For the present paper, a review was made 
of the medical and isotope laboratory rec- 
ords of 59 patients who received 122 
doses of I?! in the treatment of metastatic 
cancer. All cancer therapeutic doses of 
radioiodine, as defined above, have been 
included in this report. Follow-up contact 
with patients was obtained between De- 
cember, 1959 and January, 1961 when pos- 
sible. Fifteen patients who received 23 
treatments with I”! at the Brookhaven 
National Laboratory, Upton, Long Island, 
between December, 1949 and August, 1954 
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are also included through the cooperation 
of those responsible for their care.* All of 
these 15 patients came originally to our 
institution and while at Brookhaven were 
seen once each week by members of the 
Memorial group. They had radioiodine 
tracer studies and most had I treatments 
at Memorial Center in addition to the 
treatments at Brookhaven. 

Where basic laboratorv data met certain 
defined criteria of completeness, the radia- 
tion dose predicted or observed was re- 
calculated, applying uniform methods. The 
minimum data required were at least 5 
determinations of whole blood P?! during a 
minimum of 6 days to estimate the beta 
ray (8) dose to blood, and at least 5 days of 
consecutive complete collections of urine 
following administration of 1 to estimate 
the gamma ray (y) dose. The usual pro- 
gram included a measurement of whole 
blood I" at 4 hours and each day there- 
after, counting of the principal loci of con- 
centration of radioactivity in the body 
every day except on weekends, and measur- 
ing total urinary P?! daily. The whole study 
usually lasted 8 davs. Some treatments 
were studied in such a manner for intervals 
exceeding 30 days. 

The beta ray dose was estimated from a 
plot of the logarithm of the per cent of dose 
per liter of whole blood versus days, with a 
method modified from Berman, Rall and 
Heslin,! using semilogarithmic paper with a 
suitable number of decades( Fig. 1). A 
straight line was fitted to the final phase 
«nd extrapolated to zero time. The differ- 
ence between this line and each point of the 
Gata not fitting the line was then replotted, 
using distinctive symbols. A second straight 
line was next fitted to these points of differ- 


* We wish to acknowledge the assistance of Dr. Charles G. 
Lewallen, presently of the National Institute of Arthritis and 
Metabolic Diseases, Bethesda, Maryland, in furnishing labora- 
tory data on several patients, and the permission of Drs. Lee 
E. Farr and Lewis К. Dahl to review clinical records at Brook- 
haven. One patient, R.T., with a Hiirthie cell cancer, was treated 
at Brookhaven and subsequently died of acute myelogenous 
leusemia. She had been excluded from the report, since Dr. 
Lewallen is reporting the case elsewhere, 
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ence and extrapolated to zero time. When 
further differences remained, a third fit was 
required, The observed data then described 
a line (m,) of the shape 


m= У еки Атк de sp Дека 


where Æ represents the intercept in рег 
cent of dose per liter, A the slope of the 
linear fit in fraction per day and ¢ the time 
in days after the dose. The signs of the 
components were determined by increasing 
or decreasing rates. The area under this 
line is the summation of the fractions 4/ K. 
To correct for physical decay, the frac- 
tional decay constant for 1% (0.0866 per 
day) was added to the values of K. The 
area (М) under the whole blood curve 
from time zero to infinity is 


M; = УЗ а 


К 





4; 
K;+0.0866 





+ 


per cent dose days рег liter. 

For a dose of т mc, М,/тоо is the mc- 
days per liter. On the basis of an average 8 
energy of 0.187 mev.? for I! and allowing 
for complete absorption of the 8 dose in 
blood, 1 me-day per liter delivers то rads 
from B. Letting Mc represent the millicuries 
administered, the 8 dose to whole blood is 
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This method was used for both the tracer 
and therapy data, using the mc in the dose 
with the Mi; for the tracer to calculate the 
predicted dose and with the M; for the 
treatment to calculate the observed dose. 

The contribution of gamma ray to the 
whole blood total radiation was estimated 
from a similar plot of the log of the per cent 
dose retained (100— cumulated per cent in 
urine) versus days (Fig. 2). The data were 
fitted with a series of exponentials describ- 
ing à curve 


TU, = Детки E de Bt + ia + Ае < Kit 


where mm, is a metabolizing function of 
iodine and v is the body weight. 

The area (M, Va) under the curve, simi- 
larly, is 


MV= > E —€—— з —n 
Ку+о.о866 — Ks4-0.0866 
A: 
косово 


per cent dose days for the whole body, 
where M, is a function of dose and V, is 
body weight in kilograms. 

For a dose of 1 mc, M, /,/ 100 is the me- 
days for the whole body. Taking the point 
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source y dose rate constant, Г, for I?! at 
2.18 rads per mc-hour tequivalent to an 
average у energy of .397 mev.) t and omit- 
ting the effect of incomplete absorption, 
there are 20.4 rads from y radiation for each 
mc-dav per kilogram. Absorption of + 
radiation is incomplete, however, and is a 
complex function of the size and shape of 
the body containing the emitter, its distri- 
bution and the locus of the critical organ. 
For the estimates used here, 0.4 was taken 
as the fraction of the y radiation affecting 
the blood. This corresponds to an average 
geometric factor (g) of 156,° which woulc 
correspond to a man 140 cm. tall and 
weighing тоо kg. Thus the y dose from 
Mt millicuries is 
ALP, X Me X од X 204 
Бен ыы ыс шышы 


тоо/Љ 


where /”, = body weight in kilograms. Blood 
B and y radiation doses were added to ob- 
tain the blood total radiation predicted or 
observed. 

Dose size was selected, for many patients 
in the series, to deliver 300 rads to the 
blood. This dose was intended to give the 
largest amount of I?' which the patient 
could tolerate in relative safety. A dose 
which would deliver less than 300 rads was 
used when the disease was less threatening. 
Estimation of tumor dose was usually not 
attempted because of variable and un- 
known geometric factors which compli- 
cated such estimates. Doses were fur- 
ther restricted with regard to the mc re- 
tained at 48 hours (per cent retained at 48 
hours X0.841 X Me) in order not to exceed 
138 тс! or, in the case of diffuse pulmonary 
metastases, not to exceed 80 mc. ^? 

Resulting radiation complications were 
graded on the basis of 5 groups as follows: 
О= попе; I-detectable; 2=moderate; 3 


T Prior to January 1, 1955, the millicueie dosages at Memorial 
Center were based on a F of 2.64 rads/ mc-hour,!^9 the standard 
being the New York millicurie. Since shat time the National 
Bureau of Standards (NBS) millicurie has been used, with a P of 
2.18.9 Thus 1.2 NBS me equals 1 New York mc. Publications 
from Memorial Center prior to 19:7 reported studies using the 
larger millicurie. All data in this paper аге corrected to the NBS 
millicurie, which is now in general use. 
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=severe; and 4 — fatal. When bone marrow 
suppression was the complication observed, 
a detectable complication was defined as a 
depression from normal levels of platelets 
to less than 100,000 per cu. mm., hemo- 
globin below 10 gm. per 1co ml., or white 
blood cell count below 3,000 per cu. mm. 
during the first month after treatment. A 
depression sufficient. to require multiple 
transfusions was considered severe. When 
radiation pneumonitis was accompanied by 
persistent dyspnea, the complication was 
called severe. Deaths from infection in the 
presence of bone marrow depression were 
counted as radiation deaths. The term 
“serious complication” was used to include 
the severe and fatal groups. 

Beneficial results were defined to include 
only objective changes such as decrease in 
size of tumors noted by palpation or roent- 
gen examination. A good result which was 
reversed before one year after treatment or 
which was nullified by the growth of an- 
other lesion or death of the patient was 
called temporary. Survival figures were 
based on length of life after histologic diag- 
nosis until death, loss to observation or the 
end of 1960 if the patient was known to be 
alive any time in 1960. 


RESULTS 

Table 1 compares the incidence of the 
various histologic types in all thyroid 
cancer patients with this diagnosis seen at 
Memorial Center during a 25 year period? 
with the incidence of the various types in 
patients treated with I?! during an over- 
lapping 14 year interval. The table shows a 
significantly higher incidence of follicular 
and alveolar tv pe tumors in the radioiodine 
series. No patients with Hürthle cell* or 
giant and spindle cell cancer were treated 
with I?! 


A. STIMULATION OF UPTAKE 


Various methods were used to induce 
increased concentration of radioiodine in 
metastases. Thyroidectomy, antithyroid 
agents or TSH injections were used alone 
or in combination in many patients. Since 
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. ТАВІЕ І 
INCIDENCE AND SURVIVAL BY HISTOLOGIC TYPE 
All Thyroid Cancer Cases at TEN 
Memonal Cane EE Radioiodine Treated—1946-196o 
Histologic Type 
No. of Per | Five Year Survival | No. of Per | Five Year Survival 
Cases | Cent (per cent) Cases | Cent (per cent) 
Papillary 393 56 68 28 47 75 
Follicular and Alveolar 8o II 61 22 37 40 
Solid 85 12 24 8 14 25 
Hirthle Cell 62 6 6o o о — 
Giant and Spindle Cell 45 9 о o o — 
Unclassified 40 6 22 1 2 100 
Total 705 бо 59 54 





* The papillary cases аге from Frazell апа Foote? and the other cases are from Oropeza and Frazell.3 


this series is limited to patients treated 
with 1, comparisons of these methods of 
stimulation have not been made. Some 
observations comparing the dosimetry for 
tracer and therapeutic radioiodine in rela- 
tion to the methods of stimulation were 
possible, and are reported here together 
with certain side effects of the stimulation. 

Antithyroid agents were administered 
within a month and then withdrawn be- 
fore 60 of the treatments in an attempt to 
stimulate the uptake. If a course of anti- 
thyroid agents was used to stimulate the 
uptake of a tracer, it proved desirable to 
administer another course immediately 
before the therapy. In 23 instances, when 
antithyroid drugs were given before the 
tracer but not before the therapy, the 48 
hour retention of the Г therapy dose 
averaged 72 per cent of the predicted reten- 
tion with a standard error of the mean of 6 
per cent, a highly significant decrease from 
the prediction. In 19 instances, when the 
drugs were given between the tracer and 
the therapy doses, the retention was 96 +8 
per cent of that predicted. Thus, failure to 
administer antithyroid agents between the 
tracer. and the therapy doses caused a 
difference in retention which was signifi- 
cant at the p —o.o1 level. 

Myxedema, as manifest clinically or by a 
low serum protein bound iodine (PBI), was 
seen prior to the administration of 33 can- 


cer therapeutic doses as the result of thy- 
roidectomy with or without the use of anti- 
thyroid agents. One patient who received a 
cancer therapeutic dose was observed to 
develop a myxedema psychosis after thy- 
roidectomy and during the prolonged ad- 
ministration of thiouracil. Three of the 
patients were thyrotoxic from functioning 
metastatic tumor prior to treatment. 

Stimulation of tumor function by the. 
injection of heterologous thyroid stimulat- 
ing hormone (TSH) was attempted prior to 
8 pre-therapy tracer doses and 7 thera- 
peutic doses,*!5*? but in only 4 cases was 
TSH given prior to both the tracer and the 
therapy doses. In these 4 cases the 48 hour 
retention of I! was 75 per cent of that 
predicted. Sensitivity manifest by urticaria 
necessitated stopping the TSH in 1 patient. 

The problem of increased tumor growth 
during stimulation procedures**!? could 
not be adequately evaluated from this 
retrospective study, but such growth has 
not been obvious or troublesome. More- 
over, the growth of metastases in many 
patients has not been prevented by the 
administration of more than adequate re- 
placement doses of thyroid hormones or 
their analogues. 


B. PREDICTABILITY 


The ability to predict from a prior tracer 
study the radiation dose to be delivered by 
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PREDICTABILITY OF RADIATION DOSE 





Significance 











No.of | Predicted: | of Predicted |. Correlation | Significance 
Type of Estimate Paired | Raden i i Observed | Coefficient* | of Correlation 
| Estimates | Observed® | (p) | (г) | (р) 
Blood Total Radiation 41 | <.00f | .Ж.о | <.or 
Beta Radiation (of blood) | 55 | Soi | Оз 09 | .02 
Gamma Radiation (whole body) | 55 | <.00l  )|  .46t.or | <.01 
Millicuries Retained at 48 Hours | 84 <.001 i  .66t.06 | <.001 


* With the standard error, 


the treatment is shown in Table и. Con- 
siderable variability occurred. The ob- 
served blood total radiation ranged from 
34 to 153 per cent of the expected value. 
Body retention varied from 22 to 217 per 
cent of expected. The average values for the 
total radiation delivered to the blood, the 
ү dose and the millicuries retained at 48 
hours were significantly less than predicted, 
whereas the 8 radiation was not signifi- 
cantlv less. Correlation between the tracer 
and the therapy doses, although significant 
for each type of estimate, was not high. 


C. RADIATION DOSES 


The 122 doses ranged in size from 6 to 
600 mc and averaged 194 mc. They ex- 
ceeded 200 mc in 52 instances, including 9 
larger doses in 8 patients treated since 1958 
bv special arrangement with the AEC 
licensing branch, as indicated above. 

Adequate data to calculate the blood 
total radiation were available for 85 treat- 
ments. The whole blood radiation dose 
ranged from 45 to 740 rads, with a mean of 
267 rads. The largest single dose in milli- 
curies was 600, delivering 259 rads and 
producing a retention of 7g mc at 48 hours. 
The largest blood total radiation from a 
single dose was 740 rads from 503 mc, with 
1 retention of 135 mc at 48 hours. Three 
datients in the series received cumulative 
‘otal doses of I1?! between 885 and 1,030 
nc, exclusive of tracer doses, which de- 
ivered between 700 and 1,100 rads of blood 
otal radiation. Smaller numbers of milli- 
curies often delivered larger amounts of 


blood total radiation (cf. patients G.T. and 
LM., Table їп). The 85 doses delivered to 
blood a mean of 1.15 rads per mc, with a 
standard error of 0,06. The range of rads 
per me was from 0.31 to 3.21. By the 
method used, beta radiation averaged 
56.4 +1.7 per cent of the blood total radia- 
tion in these doses. 
D. RADIATION COMPLICATIONS 

Side effects of irradiation were observed 
following administration of two-thirds of 
the therapeutic doses. Nausea was the 
most frequent, occurring after 44 treat- 
ments and accompanied by vomiting in 30 
instances. Bone marrow depression was the 
next most frequent complication, occurring 
in 38 instances. Other complications, graded 
detectable or moderate, and the frequency, 
if observed more than once, were pain in 
tumor (8), parotitis (3), unpleasant taste 
(3), dry mouth (2), sore mouth, diarrhea, 
redness of the skin over metastases, throm- 
bophlebitis of a leg, alopecia over metas- 
tases and aspermia. The PBI increased 
more than 2 ug. per тоо ml. in 6 of 11 pa- 
tients in whom it was measured during the 
first weeks after treatment, but was not 
usually associated with signs of thyro- 
toxicosis. 

Serious side effects, including both severe 
nonfatal and fatal radiation complications, 
occurred after 14 treatments. Serious bone 
marrow depression was observed 8 times, 
radiation pneumonitis resulted 5 times and 
vomiting persistent for 30 davs was seen 
once (Table 111). Table iv shows that serious 
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: ТАвіЕ ПІ 
THE DOSE IN PATIENTS DEVELOPING SERIOUS RADIATION COMPLICATIONS 
mc 
Blood Total Retained 
Patent Site of Dose (тс) Radiation 48 as UL ик Ж 
Metastasis Last Cumulative (rads) А ое Гуре indc. 
Last Cumulative Last 
Dose 
P.G. Bone 300 63 433 640 161 Marrow depression 4 
M.A Bone 184 1,030 213 1,100 s4 Marrow depression 4 
O.D. Lung 212 290 363 -— 15o Pneumonitis 4 
G.F. Lung 300 390 488 176 Pneumonitis 4 
G.T. Bone боо 660 250 — 79 Marrow depression 3 
Е.К. Bone 355 950 227 840 116 Marrow depression 3 
JM. Bone 324 550 170 300 81 Marrow depression 3 
J.D. ist Bone and lung 209 210 206 == 47 Marrow depression 3 
J.D. 2nd Bone and lung 302 510 312 520 119 Marrow depression 3 
LM. Bone and lung 209 450 582 960 1st Marrow depression 3 
PLL. Lung 362 660 292 780 86  Pneumonitis 3 
D.K. Lung 289 885 252 7 68  Pneumonitis 3 
LF Lung 351 442 650 — 236  Pneumonitis 3 
i 3 





radiation complications were more frequent 
when the dose exceeded 300 mc, occurring 
with 28 per cent of such doses as compared 
with 6 per cent of doses less than 300 тс 
and with only 1.5 per cent of doses less than 
200 me. These differences were statistically 
significant (p<o.o1) using a chi-square 
test. Serious complications were also more 
frequent when the blood total radiation 
exceeded 200 rads, being observed after 21 
per cent of such doses, as compared with 3 
per cent following amounts of radiation 
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smaller than 200 rads to the blood (Table 
v). This difference was significant at the 
level of p=0.03. A significant increase in 
serious side effects was also associated with 
the retention of over 150 mc in the body at 
48 hours after administration of the dose 
(Table vi). The increased risk was associ- 
ated both with the predicted and the ob- 
served retention, although these were not 
alwavs identical in value. In 7 of the 14 
treatments in which serious radiation com- 
plications were observed (Table 13) blood 


Tage IV 


COMPLICATIONS AND RESULTS IN RELATION TO MILLICURIES GIVEN 





| 
Millicuries | No.of © |——-————-—-—— 
Administered | Doses | с | S 
| | Severe Fatal 
| 
p | Ў | 
Fog9 | go | о o 
100-199 | A uj o І 
200-299 | 26 | 4 1 
300-399 | 24 | 5 2 
Over 400 | 5 | I о 
| s | D Е 
Total | 122 | 10 4 





Objective Good Results 


Total 
(per cent) 





Total 
(per cent) 








о 1 3 13 

3 | 12 8 54 

19 | 4 6 38 

2 | 4 33 

20 | о 1 20 
i "EE LL a ИЧ 

11 | 21 22 35 
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Blood Total | 


mee Ne.of |- 
Radiation MEME 
; Doses | S . 
(rads) | | Severe Fatal 
| | 
i 
о-99 | goc о о 
100-199 | 24 | I o 
300-299 | x | 5 1 
300-399 | 7 p 3 1 
400-499 | 9 | o 2 
Over со | 7 | 2 o 
Unknown | 37 | 1 o 
Total | 122 | 10 


+ 


* See text for definition of classification. 


total radiation was less than 300 rads and 
body retention was less than 120 mc at 48 
hours, the limits which have recently been 
observed at Memorial Center. 

Fatal complications occurred in 4 pa- 
tients, or following 3 per cent of the treat- 
ment doses. Two patients died of bone 
marrow depression and sepsis 5 and 13 
weeks after the last dose of 1%. Two pa- 
tients died of radiation pneumonitis. They 
were reported in detail by Rall and his co- 
workers." There have been no fatalities 
since 1954 when restrictions concerning 
millicuries retained at 4% hours were 
adopted. 
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THE RELATIONSHIP BETWEEN SERIOUS COMPLI- 
CATIONS AND MILLICURIES RETAINED 















Predicted | Observed 
Millicuries — 
Retained | yr Serious | ye, Serious 
" | No € Du. TUN. үс о чу 
аї 48 ee: Complica- | о Complica- 
Hours | tions |, tions 
| Doses , , Doses А 
| (per cent) (per cent) 
0-49 | 45 o [35 3 
50-99 26 6 | 38 13 
100-149 | 28 16 | 29 10 
15:0 and over | II 55 | 12 50 
Unknown | 32 6 | Wy о 
E | — 
|-12* її 


Total | i22 i 


Serious Radiation Complications 


COMPLICATIONS AND RESULTS IN RELATION TO BLOOD TOTAL RADIATION 


Е | Objective Good Results* 





| 
i 
i 


Total 





Total 





{бесе | Sustained Temporary (бег cent) 
о 1 1 40 
4 7 6 54 
18 7 3 30 
29 I 2 43 
22 2 1 33 
29 1 2 43 
3 2 7 24 
11 21 22 36 


E. REMISSIONS 

Objective beneficial effects occurred fol- 
lowing 43, or 35 per cent, of the treatments. 
Good effects were observed in 27 of the sg 
patients. The distribution of these results 
between sustained and temporary remis- 
sions is shown in Table уп. The highest 
incidence of good results followed doses 
ranging in size from 100 to 200 me (Table 
1v), and doses of this size or larger gave 
significantly more remissions than lower 
doses. Although doses delivering between 
100 and 200 rads of blood total radiation 
showed the best results, the difference be- 
tween the remission rate for this amount of 
blood radiation and that for larger or 
smaller amounts was not statistically signifi- 
cant (Table v). Remissions could not be 
related to the millicuries retained at 48 
hours. 

Sustained objective remissions occurred 
in 12 patients with pulmonary metastases, 
in 2 with skeletal metastases and in 2 with 
inoperable, metastatic lymph nodes in the 
neck. Temporary remissions were manifest 
by decrease in the size of lung lesions seen 
roentgenographically in 4 patients, by 
shrinkage of palpable masses arising in 
bones in 5 patients and by objective re- 
covery of nerve function in 2 patients. Lung 
metastases occurring as the only detected 
involvement were most susceptible to 
treatment, responding in 11 of I4 cases. 
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THE RESULTS OF TREATMENT OF THYROID 
CANCER WITH P” 





Patients* 


| Doses 
Results | Я Рег | - Per 
| 7 Cent | 7 ^. Cent 
Sustained Objective | | 
Remission | 2 17 116 27 
Temporary Objective | | 
Remission | 22 18 | oa 19 
Too Early to Evaluate) 7 6 | $ 8 
No Information | 4 uw SS 
No Effect | 68 56 | 24 4i 
= me 
| 122 £9 
i 


Total 


* Classified only in the first applicable group. 


Neck lymph node and mediastinal metas- 
tases were less susceptible, with good re- 
sponses in 2 of 11 cases. Patients with bone 
metastases and multiple types of involve- 
ment constituted a middle group with re- 
missions in 5 of 14 and g of 20, respectively. 

The survival rate of patients treated 
with radioiodine was no better than the 
survival rate of those treated by other 
methods. Table 1 compares the 5 year 
survival percentage for all patients with 
thyroid cancer seen at Memorial Center in 
the years 1930-1954°" with the 1946~1960 
radioiodine series. The survival rate for the 
follicular and alveolar type of thyroid 
cancer appeared less when radioiodine was 
used, but the difference was not statistically 
significant, 


DISCUSSION 


The histologic structure of the cancer as 
seen in the available tissue sections proved 
to be one of the most reliable criteria as to 
whether or not the patient could be treated 
with 181, Since significant uptake of 1% 
was required before treatment could be 
given, the relatively higher incidence of 
follicular and alveolar carcinoma in the 
radioiodine series reflects the greater likeli- 
hood of metastases of this tvpe to function. 
This confirms the autoradiographic data of 
Fitzgerald ef al.’ Although stimulation of 
the ability of the tumor to concentrate 
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radioiodine has been attempted in patients 
with Hürthle cell and giant and spindle cell 
types of cancer, the absence of such pa- 
tients from this series suggests that these 
types rarely, if ever, function enough to 
permit radioiodine therapy. 

It is apparent that the initial approach 
to the treatment of thyroid cancer should 
be surgical in order to make a diagnosis, to 
determine the histologic type and to com- 
pletely excise the disease whenever possible. 
Radical surgery probably offers patients 
the best chance for cure when the disease 
has not metastasized beyond the neck. Be- 
cause of the risk of parathyroid insuffi- 
ciency, as indicated by Black er al. the 
recommendation of total thyroidectomy at 
the time of the original operation is made 
less often now. Total surgical thyroidec- 
tomy, moreover, has sometimes left normal 
thyroid tissue which required subsequent 
thyroidectomizing doses of radioiodine. In 
the presence of distant metastases, biopsy 
only may be sufficient if followed by a 
radioiodine thyroidectomy. 

Because of the complex geometric inter- 
relationships between areas of assorted 
concentrations of radioiodine and the 
critical organ for radiation damage, esti- 
mates of dose from у radiation are subject 
to marked error. Estimation of bone mar- 
row dose is especially difficult in patients 
with functioning metastases which may be 
either near to or far from active marrow. 
Such geometric differences are probably 
also important in lung tissue involved with 
either diffuse or discrete metastases. As- 
suming that as much as 0.4 of the total y 
energy is absorbed, as it might be under 
conditions of uniform distribution in a 
heavy, short patient as described under 
"Methods" above, the error should be to- 
ward thesideof safety. Rall and co-workers! 
found that a factor of 0.09 enabled them to 
relate radiation dose to the fall in total 
lymphocyte count most closely. The 0.4 
used in the present method should consti- 
tute a safety factor of 4 times, but even 
such a factor may have been entirely nulli- 
fied by considerations of tumor-sensitive 
area geometry. 
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The treatments, on the average, failed to 
deliver the radiation doses to blood that 
were predicted, except in the case of 8 
radiation. This decrease must have been in 
large part due to more rapid excretion of 
the treatment dose as a result of radiation 
effects on mechanisms which hold the Г?! 
in the body. The failure to observe this 
difference for the 8 dose to blood may well 
have been due to a release of thyroglobulin 
from the tumor into the blood in some pa- 
tients as a result of radiation, as reported 
bv Robbins and colleagues," and inter- 
preted by Rall and co-workers." The lesser 
difference in body retention figures at 48 
hours (Table 11) as compared with the y 
dose, which is an estimate for a longer pe- 
riod of time, would also suggest a greater 
effect with passing time, compatible with a 
radiation mechanism, 

Predictability was not :mproved if doses 
resulting in the retention of more than 138 
me were excluded, as has been previously 
reported. The retention of more than this 
amount was associated with an observed 
blood total radiation of more than 120 per 
cent of that predicted in only 3 of 10 treat- 
ments with high 48 hour retention. Con- 
verselv, in 4 treatments which delivered 
more than 120 per cent of the expected 
blood radiation, only 2 were associated 
with retention of more than 138 me (Table 
уш). Moreover, the prior tracer study 
failed to predict this retention in any of 
these 4 treatments. Radiation. complica- 
tions, on the other hand, were more fre- 
quent if the radioiodine retained at 48 
hours exceeded 150 mc (Table v1). 

'The radiation dose calculated from the 
observed blood and body retention data 
depends in some measure on the method of 
estimation. Values such as the per cent of 
the blood total radiation due to 8 radiation 
may have been strongly influenced by the 
method used, since various assumptions 
about y contribution have been made by 
ditferent observers. The value of 56 per cent 
from 8 obtained here compares with values 
of £3 and 75 per cent calculated from the as- 
sumptions of Rawson e/ a/.'° and Seidlin and 
co-workers,? respectively. The rads to 
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Tage VHE Í 
DATA FOR 4 DOSES WHICH DELIVERED OVER 120 
PER CENT OF PREDICTED BLOOD TOTAL 
RADIATION 






Millicuries 


| Blood Total Retined in 


1 
| lilli- | к? | Body at 48 
Patient | CUTIES | (rads) | Hours 
jistered | ре. Ob. | Pre Ob. 
| dicted. served | dicted served 
L.E. | 35i 495 бо | 118 — 236 
Š | { 
OS. j| 329 259 166 | 100 130 
S.C. | 427 360 sis | 95 Іо 
M.T. | 350 277 425 | 111 133 


blood per millicurie of dose extended over a 
wide range, as would be expected in a group 
of patients with considerable variation in 
the metabolism of iodine. The mean of 1.15 
rads per millicurie agrees well with a value 
of r.2 rads per millicurie calculated by 
Loevinger and co-workers" from representa- 
tive data for a hyperthyroid patient with 
an uptake of 75 per cent. 

An тт per cent incidence of serious radia- 
tion complications is perhaps acceptable in 
dealing with a malignant disease. With re- 
gard to radiation deaths, 3 per cent (of 
doses) or 7 per cent (of patients) certainly 
is not an acceptable risk for such treatment. 
Perhaps 2 or 3 of the fatal complications 
and 3 of the nonfatal complications could 
have been avoided if presently followed 
restrictions on dose had been observed. 
Doses now are planned to limit blood total 
radiation to 200 rads except in certain 
clinical emergencies, and body retention, 
in the absence of diffuse lung metastases, 
to 120 mc, whichever is more limiting. In 
the presence of functioning, diffuse lung 
metastases, retention is limited to 80 mc. P? 
These limitations on body retention at 48 
hours, in use since 1954, have so far pre- 
vented fatal complications. If this experi- 
ence is typical, it may be possible to give, 
with the approval of the AEC, doses ex- 
ceeding 200 mc with some increase in the 
risk of complications accepted when the 
clinical condition warrants it. 

Restrictions on the millicuries retained 
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limit the effectiveness of the treatment in 
the very patients who are most suitable. 
No other solution to the increased radiation 
complications has as vet been found. Actu- 
ally there seems to be little choice among 
millicurie administered, millicurie retained 


at 48 hours and rads to blood as a means of 


predicting radiation damage, and each was 
necessary to predict all of the complications 
shown in Table rni. 


The argument for large single doses of 


I in the treatment of thyroid cancer is 
based on evidence that radiation, either 
from isotope or external beam, тау de- 
strov the ability of the tumor to concen- 
trate I?! without destroying its ability to 
grow.'* This retrospective review of pa- 
tients treated was not considered to be a 
good way to evaluate such evidence, since 
patients with tumors losing their ability to 
function would not be treated or retreated. 
Notwithstanding, it appeared more rea- 
sonable to administer large doses to destroy 
not only function but the growth of func- 
tioning tumors. In addition, the clinical 
urgency for effective treatment was an- 
other factor Justifying as large a dose as was 
relatively safe. Furthermore, in this series, 
doses of I?! smaller than тоо mc produced 
significantly fewer remissions than were 


obtained following the administration of 


larger doses. 

At present, the reason why lung metas- 
tases are more, and lymph node lesions 
less, susceptible to radioiodine treatment is 
unknown. There is no doubt that the avail- 
ability of chest roentgenograms facilitated 
follow-up study in the presence of lung 
lesions. The difference seems too large to be 


explained by this factor alone. A word of 
interpretation of 


caution concerning the 
survival figures is perhaps indicated. One 
should remember that the I treated pa- 
tients had distant metastases and thus 
might have been expected to have a poorer 
prognosis than the total group (Table 1), 
which included a large number of patients 
with local involvement only. 

The results of therapy of thyroid cancer 
are highly dependent on the types of pa- 


tients selected for treatment. The degree of 
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concentration of the I?! in the tumor surely 
affects the results. Furthermore, the reten- 
tion required before the patient is con- 
sidered suitable for treatment is variable 
from hospital to hospital, physician to 
physician and time to time. The clinical 
urgency and the possibility of other ap- 
proaches to treatment also bear upon the 
decision to treat. Thus, among patients 
treated, results may vary. When an at- 
tempt is made to relate these results to all 
patients with thyroid cancer, all patients 
with metastatic thyroid cancer or all pa- 
tients with metastatic, follicular thvroid 
cancer in lungs, difficulties arise. Although 
onlv the minority of all patients with thy- 
roid cancer benefits from D? treatment, 
with proper selection it should be possible 
to benefit about half of those treated. The 
sustained decrease in metastases in 27 per 
cent of the patients in this series confirms 
the value of treatment with radioiodine. 


SUMMARY 


In the 14 vears since October, 1946, 
59 patients were given 122 doses of I in 
the treatment of functioning, metastatic 
thyroid cancer. A method for prescribing 
the largest, relatively safe dose is presented. 

2. The doses ranged in size from 6 to 600 
mc and averaged 194 mc. The blood total 
radiation averaged 267 rads or 1.15 +0.06 
rads per millicurie in 85 doses with ade- 
quate data. 

3. When stimulation of tumor collection 
of I?! by antithyroid drugs was used before 
the tracer study, it was necessary to repeat 
the stimulation before the therapy. 

4. Radiation side effects were frequent 
but were of a serious nature after only 11 
per cent of the doses. 

5. Bone marrow depression and radia- 
tion pneumonitis were each responsible for 
2 treatment deaths. 

6. Serious. complications were related 
either to a blood total radiation exceeding 
200 rads, the administration of more than 
300 mc or the retention of more than 150 
mc at 48 hours after the treatment. 

7. Objective beneficial results occurred 
in 46 per cent of the patients treated and 
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were sustained in 27 per cent. No effect on 
survival was observed. 


Richard 5. Benua, M.D. 
444 East 68th Street 
New York 21, New York 
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LABORATORY PRODUCTION OF SHORT 
LIVED RADIOISOTOPES 


By A. E. CASWELL, B.S. 


TULSA, OKLAHOMA 


ECENT improvements in the design 

of fast neutron accelerators have 
placed the production of short lived radio- 
isotopes within reach of the smallest lab- 
oratories. Isotopes such as sodium 24 with 
a half-life of 15 hours, magnesium 27 with 
a half-life of 9.5 minutes, aluminum 28 
with a half-life of 2.3 minutes and many 
others can be produced by the bombard- 
ment of various elements by 14 million 
electron volt (mev.) neutrons from a small 
portable fast neutron generator. Typical of 
the nuclear reactions resulting from such a 
bombardment are: 


(1) » Mg?! + on! — „Ма? + 1H! 
(2) wAl? + оп! — „Ме + iH! 
(3) us + gn! ш: wAl’s + iH} 


APPARATUS 


We have demonstrated this technique in 
the laboratory using a Picker-Dresser Type 
2920 neutron generator as the neutron 
source. The Picker-Dresser neutron gener- 
ator (Fig. 1) 1s an accelerator-type neutron 
source especially designed for research and 
educational purposes with a neutron out- 
put of up to 10° neutrons per second. The 
neutrons are substantially monoenergetic 
at 14 mev. The accelerator is small (diam- 
eter—4 inches, length—35 inches) and light 
(25 pounds) which makes it very portable. 
A scintillation counter consisting of a 2} by 
5 inch sodium iodide crystal with a 6292 
photomultiplier tube was used in conjunc- 
tion with an Atomic Instrument Company 
Model sio single channel pulse height 
analyzer and a Berkeley Model 2000 decade 
scaler to determine the half-life, energies 
and amount of the isotope produced. The 
only other equipment needed was the usual 
chemical apparatus necessary to perform 
the simple chemical separations involved. 





д. 


Fic. т. The Picker-Dresser neutron generator. 


PROCEDURE 


Metallic magnesium powder weighing 
8.75 gm. was placed in a plastic container 
and wrapped around the neutron accelera- 
tor directly over the source target. The 
accelerator was turned on and adjusted to 
an output of To’ neutrons per second and 
left at this output for a period of 162 hours. 
During this period of time the r4 mev. 
neutrons were continuously bombarding 
the magnesium and producing protons and 
sodium 24. At the end of the activation 
period, the accelerator was turned off and 
the activated sample removed and trans- 
ferred to a small vial. Care was taken in 
the handling of the newly produced isotope 
to avoid any hazardous exposure. The 
hazard with this small sample is, of course, 
primarilv internal. The amount of activitv 
produced was then determined by simply 
comparing the counting rate produced by 
the sample with that produced by a small 
thorium 228 source of known strength. This 
could be done by direct comparison due to 
the fact that both sodium 24 and thorium 
228 produce photo peaks (100 per cent) at 
approximately 2.7 mev. 
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Vic. 2. Gamma-ray spectrum of 
produced radioisotope. 


The sample was then transferred tc a 
beaker containing 100 cc. of concentrated 
hydrochloric acid. This, of course, by the re- 
action Mg+2HCl->MeCl.+H, Т brought 
the magnesium into the chloride form. 
Enough sodium hydroxide was added to the 
solution to precipitate all of the magnesium 
in the form of magnesium hydroxide: 


MgCl, + 2NaOH — Mg(OH); | + 2NaCl 


* 


The magnesium hydroxide was filtered off 
leaving a sodium chloride solution with the 
radioisotope sodium 24. 

The scintillation counter was immersed 
in the NaCl solution and an integral bias 
curve was made to verify the 1.368 and 
2.754 mev. photo peaks as well as to ob- 
tain an initial count to verify the half-life 
(Fig. 2). Two additional measurements 
were made after intervals of approximately 
18 and 24 hours. These points were plotted 
on semilog paper and the half-life deter- 
mined (Fig. 3). Upon completion of the 
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Fic. 3. Half-life curve for produced radioisotope. 


experiment, the magnesium hydroxide pre- 
cipitate was checked for any activity. 


RESULTS 

The half-life determination showed that 
we had produced a radioisotope with a 
half-life of 15 hours (Fig. 3). The integral 
bias curve clearly identified the sodium 24 
photo peaks (Fig. 2). The comparison with 
the known то ис thorium source showed 
that we had produced 1.1 pe of sodium 24. 
The Geiger-Miller counter examination of 
the filtered magnesium hydroxide precip- 
itate showed no activity and, therefore, all 
the sodium 24 produced from the activation 
of the magnesium was in the sodium 
chloride solution, 


CONCLUSIONS 


The advantages of this technique are 
obvious. Not only does it make tracer 
amounts of short lived isotopes immediately 
available without the usual two to three 
week wait for delivery from isotope sup- 
pliers, but it provides a means of obtaining 
many isotopes which are not available 
commercially due to their short half-lives. 
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AN INSTRUMENTED PHANTOM SYSTEM FOR AN- 
ALOG COMPUTATION OF TREATMENT PLANS 


By SAMUEL W. ALDERSON, B.A,* LAWRENCE Н. LANZL, P.D., t MARVIN ROLLINS, M.D.,t 
and JACK SPIRA, Рн.р.$ 
CHICAGO, ILLINOIS 


N GENERAL, the clinical practice of 

radiotherapy is based on depth dose 
data and isodose curves derived from geo- 
metrically simplified, homogeneous phan- 
toms employing water or pressdwood as a 
tissue-equivalent medium. These data are 
used to compute dose distributions within 
patients whose contours are very different 
from those of the phantom, and who are 
complex admixtures of bone, soft tissues, 
fluids, and air. The treatment 15 admin- 
istered with apparatus which may deviate 
widely from the research apparatus with 
which phantom measurements were made. 

It is not surprising, therefore, that many 
studies!” show a variety of substantial 
errors intervening between depth dose data 
and their final utilization within the pa- 
tient. There are many sources of error, in- 
cluding uncertainties in the basic data, 
errors in machine calibration and output, 
errors in computation, errors due to inade- 
quate correction for bone, air, and fat, 
errors in positioning, etc. À major portion 
of these errors is associated with this rela- 
tionship between the phantom data and the 
actual treatment. 

A primary source of error would be by- 
passed if a structurally differentiated phan- 
tom were used. With such a phantom, dose 
distributions could be derived routinelv 
for specific treatment problems, using the 
actual treatment apparatus. Thus, if the 
correspondence between phantom and pa- 
tient were close enough, the often complex 
treatment computations necessary with 
conventional phantoms would be virtually 
eliminated. The dosimetry system of the 
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phantom would integrate all entrant radia- 
tion from whatever sources, so that the 
most complex treatments, involving mul- 
tiple fields, rotational therapy, or supple- 
mentary fields, would be measured as 
readily as the simplest fixed-beam treat- 
ment. 

The success of such a system depends 
upon closely matching phantoms with pa- 
tients, upon accurate dosimetry techniques, 
and upon the solutions to many practical 
problems related to clinical use. This paper 
is a first report on studies being carried on 
to establish a system, which we call “analog 
dosimetry,” as a working tool for the radio- 
therapist. 


BACKGROUND FOR PHANTOM DEVELOPMENT 

A number of basic criteria was estab- 
lished from the outset for the design of the 
first phantoms to represent the human body 
closely and thus to serve as substitute or 
analog patients. 

a. They must include natural bone, soft- 
tissue and lung-tissue equivalent materials. 
(Fat could be considered at a later time.) 

b. They must have a composition such 
that the absorbed dose would correspond 
closely to that in the human bodv over the 
entire range of roentgen ray, gamma ray, 
and electron energies in therapeutic use. 

c. They must be compatible with the 
systems of dosimetry in use in radiotherapy 
departments. 

d. They must be rugged and serviceable 
and capable of placement upon treatment 
tables in a variety of standard positions. 

e. They must be constructed by produc- 
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tion processes for accurate duplication. 

No existing phantoms approximate these 
requirements. Water phantoms with mov- 
able probes are not practical for application 
to analog dosimetry in regular hospital use, 
nor rugged enough for this service. The most 
elaborate water phantom, available com- 
mercially under the trade name REMAB," 
is designed for use with pre-selected and 
limited dosimetry points intended for 
health-physics studies. its dosimetry sys- 
tem is not adequate for refined therapeutic 
measurements, 

Laminated pressdwooc phantoms present 
an excellent approach to the problem of 
obtaining ready access for instrumentation 
everywhere within the interior, but the 
installation of a skeleton does not appear 
feasible from a production standpoint (al- 
though it was accomplished in a research 
phantom by Laughlin e£ al’). Moreover, 
since pressd wood is manusactured primarily 
as a building material, its absorption char- 
acteristics are subject to considerable varia- 
поп. 

In the course of our work, a decision was 
made to develop a solid phantom consisting 
of a tough, thermosetting plastic with the 
correct radiation absorption characteristics, 
which could be cast in the desired shape. 
The casting would be mace around a skele- 
ton, lung equivalents, and other structures. 
(Some of the materials and techniques 
needed for this process hac already been de- 
veloped for the Picker-Alderson pelvic 
phantom.) The phantom could then be 
sawed into transverse sections, and the 
sawed faces coated to achieve flat, finished 
surfaces. 

Two prototypes of such a phantom were 
completed successfully by this procedure in 
October, 1960. They have been in use at the 
Argonne Cancer Research Hospital, Chi- 
cago, Ilinois, and at the Montefiore Hos- 
pital, Bronx, New York, for research in 
phantom dosimetry. 

Thereafter, work was begun on the stand- 
ardization and control of materials and 
processes. Methods of equipping the phan- 
tom with a dosimetry system for use on a 
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routine basis were investigated. ‘This work 
led to the completion in Marc №, 1961, of 


the first phantom to be made 
production techniques (Fig. 1). 


entirely by 


THE AVERAGE MAN PHANTOM 


Size. In the development of the above 
phantom, a suitable size had to be decided 
upon. The proportions chosen were based 
on a military anthropometric survey,‘ 
modified slightly to conform with the re- 
sults of a civilian survey.) If the phantom 





Fic. 1. Complete phantom in clamping device. The 
sections are individually numbered. 
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were a cornplete body (Fig. 1), it would be 
$ ft. 8 in. tall and weigh 162 Ibs. Although 
we term this an "average man," such a 
designation is of little clinical significance, 
since the problem is one of correspondence 
with an enormously variable population. 
Hence, size chosen in this instance is some- 
what arbitrary. Any size chosen for an 
average man would change only slightly the 
magnitude of the problem of matching 
phantoms to a broad range of patients. 

Materials. The phantom contains a nat- 
ural human skeleton of appropriate size, 
adjusted within the mold to normal rela- 
tionships with body contours. Molded in a 
dried condition, it is later impregnated with 
soft-tissue equivalent material to replace 
the lost constituents. 

The soft tissues are molded of an ex- 
tremely tough plastic based on a synthetic 
isocvanate rubber. The material is stable 
with respect to aging, temperature, humid- 
ity, and other environmental conditions; it 
is resistant to abrasion, laceration, and 
impact, and it does not deteriorate under 
radiation (it has withstood т.т million r 
without any discernible changes). 

It is processed chemically and physically 
to achieve a specific gravity of 0.985 and 
an effective atomic number of 7.30. These 
values, based on the ICRP Standard Man," 
represent a composite of muscle, nominal 
body fat, fluids, etc. In production, they 
are kept constant with an accuracy of + 1.25 
per cent for specific gravity and +0.5 per 
cent for effective atomic number. Thus, the 
material is sensibly tissue-equivalent over 
the entire range of therapeutic energies in 
common use today. 

Figure 2 shows a partially molded phan- 
tom with lungs, trachea, and skeleton. The 
lungs are molded of an air-expanded ver- 
sion of the soft-tissue material, having the 
same effective atomic number but a spe- 
cific gravity of only 0.3. The lung material 
is a mechanical foam of small and uniform 
cell size; it is rigid and dimensionally 
stable. The lungs are sculptured to a 
neutral respiratory volume; the left lung 
is smaller to allow for the heart. The tra- 
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Fic. 2. Partially completed phantom during manu- 
facture, The skeleton and lung inserts are visible. 


chea shown in the photograph is a mold in- 
sert, representing normal air content; this 
insert is removed after molding, leaving air 
spaces. 

Sections. Figure 3 illustrates the slicing 
of the phantom. The sections are sawed to 
a thickness of approximately 0.96: inch; 
they are then impregnated to restore the 
soft-tissue content of the bone segments 
and coated on each side to build up a pro- 
tective surface over the bare ends. These 
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Fic. 3. Sections of sliced phaatom showing (a) 
teeth and skull; (b) and (c) luag equivalents and 
bone in the thorax; and (d) skeleton in the pelvis. 


coatings are machined and »olished to give 
a finished thickness of 0.984 +0.005 inch or 
2.5 cm. The soft-tissue overlay on bones is a 
discrepancy of minor significance. The 
coated material is a slightly heavier (spe- 
cific gravity 1.04) transpare it modification 
of the tissue-equivalent meterial, and 
rorms an integral bond with the underlving 
section. 

There are some apparent discrepancies 
between bones visible on the right and left 
sides. These are slight variations in bone 
level, attributable to the d fficultv in at- 
taining machine precision in the placement 
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of variable skeletons within a 3-dimen- 
sional mold. We believe that a transected 
cadaver also would show slight skewing 
and asymmetries. 

Assembly. Figure 4 shows a random por- 
tion of the phantom assembled in a clamp- 
ing device. Ary group of consecutive 
sections may be thus assembled, including 
the entire phantom. There is, however, 
little reason for assembling the complete 
phantom in radiotherapy (other than for 
exhibition purposes); in general, the sec- 
tions containing rhe tumor region would be 
used, plus butter sections at both ends to 
provide equivalent scattered radiation. 

The base plates are made of thick, warp- 
resistant mahogany. The few metal parts 
used on the bases (outside the radiation 
beam) are needed because the clamping 
forces will normaily be of the order of 200 
pounds. The nylon center wheel has a 
square-form thread for smooth action and 
strength; the mechanical advantage of the 
system is such that full clamping pressure 
is attained with nominal torque on the 
wheel. The design produces equal pressures 
at all cords; if one cord interferes with a 





Fic. 4. Sections of phantom held by clamping de- 
vice. Nylon cords are ased in tension to hold sec- 
tons rigid during irradiation. 
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roentgen-ray cone, it may be removed and 
3-cord operation used without essential 
impairment of stability. 

The sections fit together by two small 
ball-and-socket registrations formed by 
pressing in molded cellulose acetate buty- 
rate rods of 1 inch diameter; there are three 
different spacings for sections of various 
sizes. Multiple registration points are 
avallable on each base plate, with inter- 
changeable nylon fittings, so that anv 
section may be accommodated next to any 
base plate. This is exclusive, of course, of 
the pelvic-thigh section (not sliced) which 
fits only to the bottom plate, and of the top 
of the head which is registered by a nylon 
ring to the top plate only. 

In assembling anv desired grouping of 
sections, the thumb screws at the ends of 
the levers are loosened, the nylon cords are 
drawn snug, and they are then relocked by 
the thumb screws. Spinning the central 
wheel establishes an accurately aligned 
assemblv. For repetitive use, the cords 
may be unhooked and removed from slots in 
the bottom plate so that cord length and 
thumb-screw adjustments are not changed. 

A series of radiographs of various seg- 
ments of the phantom located within the 
clamping device is shown in Figure 5, 7, В 
and C. Standard diagnostic settings were 
used in the making of these radiographs. 


DOSIMETRY SYSTEMS 


А body section passing through the 
tumor 1s à common starting point in treat- 
ment planning. The problems associated 
with the computation of dose distributions 
in planes above and below the tumor are 
too complex for routine solution. Analog 
dosimetry, on the other hand, does not 
present such problems. Direct measure- 
ments can be made in two or more sections 
of the phantom, located at various levels of 
the tumor region. 

A knowledge of dose distributions in 
several planes within the tumor volume is 
desirable to insure that the treatment plan 
to be used provides a minimum tumor 
lethal dose without “hot” or “cold” spots. 
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Furthermore, the maximum dose should be 
confined well within the boundaries of the 
tumor, so that the dose in normal tissues 15 
minimal. Hematopoietic tissues, the spinal 
cord, the rectum, scar tissue, and other 
sensitive tissues should receive minimal 
doses, and the integral body dose kept as 
small as possible. 

These considerations indicate the need 
for many points of dose measurement and a 
high degree of flexibility in their location. 
To achieve this, basic instrumentation 
plans were studied against these criteria: 

a. Dosimeters should have a small vol- 
ume to avoid field distortion and 1n order 
to give as close to point measurements of 
dose as possible. 

b. Dosimeters should be capable of 
calibration or simple conversion to ab- 
sorbed dose. Such calibrations would be to 
the muscle-equivalent tissues which ap- 
proximate the composition of most tumors. 

c. Integrating dosimeters would be re- 
quired for rapid and routine use (particu- 
larly in multiple field and rotational 
therapy); thev must have a high dose 
capacity to avoid brief samplings of dis- 
tributions which might lead to substantial 
timing errors. 

d. The dosimeters should be as nearly 
energy independent as possible and be in- 
dependent of dose rate and direction. 

e. They should be reliable, rugged, 
stable, precise and capable of routine use by 
hospital personnel. 

'Two general tvpes of dosimetry svstems 
have been given consideration and are now 
being subjected to intensive study: intra- 
cavitary type ionization chambers and 
film. Neither system is optimal in all re- 
spects, but both appear to be practicable. 
In addition, new approaches to dosimetry 
are now under study, including glass 
dosimeters, solid state detectors, etc. 

Гоп Chambers. Several types of intra- 
cavitary ion chambers have been used 
successfully in clinical practice and in 
phantom work for obtaining isodose curves. 
One such study of particular interest has 
been reported by Dahl and Vikterlof.? 
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Figure 6 shows a section of our phantom 
with ion-chamber insertion holes drilled 
through in a rectilinear grid array with a 3 
cm. spacing. This spacing was selected 
reluctantly after consideration of the num- 
ber of holes which would be required. for 
finer grids. In body regions of mixed com- 
position where isodose curves will be ir- 
regular and often very closely spaced, 3 
cm. intervals might fail to disclose abnor- 
malities in the distribution. 

Two general approaches are being made 
to this problem, which will occur frequently 
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Fic. 5. (Æ) Lateral view of skull of phantom. 
(B) Frontal view of skull of phantom. (С) 
View of abdomen (small air pockets are 





visible in first phantom). 


in clinical practice. The simplest solution is 
to drill an additional hole or holes when- 
ever such a situation is met, thus obtaining 
closer spacings on an ad Aoc basis. It has 
been established that simple drilling of a 
section, without reaming or other precision 
methods, produces a hole of good surface 
finish with reasonable diametral tolerance. 
A more complex solution is to supplement 
ton chamber dosimetry with film dosimetry 
11 such cases. Although the energy response 
cf film is nonlinear at low energies (see be- 
low), 1t can be used in this manner, since 
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Fic. 6. Section of phantom showing holes for ion chambers. 


the ion 
points. 

It may be noted that the use of multiple 
chambers also provides a continual check 
on their accuracies. One study! has re- 
ported occasional chamber malfunction 
without apparent cause; where the chamber 
is a prime calibration standard in a radio- 
therapy department, the consequences may 
be serious. If a chamber is one of 25, 50, or 
more in a grid, its malfunction will become 
as apparent as an incorrect datum point on 
à curve. 

The system now being standardized is 
based upon ion chambers 5 mm. in diam- 
eter and 20 mm. long. Accuracy standards 
of 5 per cent have been established as the 
minimum permissible. Studies are in proc- 
ess to narrow this range by dividing cham- 
bers into subgroups according to calibra- 
tion factors. 

Commercially available charger-readout 
units are being evaluated. Stable and re- 
liable instruments are available to permit 
these processes to be carried out rapidly 
and accurately. Figure 7 shows a data 
chart intended for use in conjunction with 
the phantom for both ion chamber and film 


chambers will yield calibration 


dosimetry. In clinical use, all holes not 
occupied by chambers will be filled with 
injection-molded Mix D plugs. Sections 
containing chambers will be brought to the 
readout unit for dose measurement, and 
the value noted in the appropriate datum 
box on the chart; thus, numbering or other 
complex handling of chambers is avoided. 

Essentially, ion chamber dosimetry is 
completely practicable for routine use. 
Initial purchase costs are substantial, but 
the chambers have indefinite service lives. 
If checked routinely, they provide a basis 
for consistently accurate dose determina- 
tions everywhere within the phantom. 

Film Dosimetry. Film measurement of 
dose distributions at the interfaces between 
phantom sections is a quite simple proce- 
dure in principle. Examples of film dosim- 
etry are described in the literature.^ ^? For 
use in the phantom, film sheets are inserted 
between and brought into intimate contact 
with the sections by applying uniform 
clamping pressure. After irradiation, the 
films are developed and readings are made 
on a photodensitometer at any desired 
number of points. 

The data chart of Figure 7 is printed on 
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RANDO SYSTEM DATA CHART 























Fic. 7. Chart for recording physical data of irradiation from which isodose distributions can be constructed, 


transparent vellum and is used as follows 
for film dosimetry : After the tumor outlines 
are drawn in, any points at which dose 
values are desired may be marked on the 
chart in addition to those in the data boxes 
on the grids. The film may then be super- 
imposed on the chart over an illuminated 
box and these points encircled in grease 
pencil. Thereafter, dosages converted from 
photodensitometer readings at these points 
are recorded on the chart. 

There are, however, many complicatirg 
factors in film use. Since virtually all com- 
nercial film contains silver bromide, which 
leviates widely from soft-tissue equiva- 
ence, film response is nonlinear at ordinary 
:herapeutic roentgen-rav energies (below 
ibout 0.5 mev.). Calibrations at lower 
nergies are of limited value, since second- 
wy or degraded radiation presents a con- 


tinually variable energv range. Present 
research confirms the accuracy of high dose 
capacity film at cobalt 60 energies. Results 
of this work are to be published in the near 
future. Work is continuing on cesium and 
radium sources. 

Film dosimetry has the advantage of 
providing as many data points as desired. 
In contrast to ion chambers, initial costs 
are considerably lower, but film constitutes 
a continuing cost burden to a radiotherapy 
department. In those energy ranges where 
its use is indicated, accuracy can be held to 
within about & per cent by control of de- 
veloping processes with respect to time, 
temperature, agitation, and age of the 
solutions. 

Present research tends toward the view 
that darkroom loading of film is needed. 
The erratic results obtained with film 
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packaged fn individual paper cassettes are 
due primarily, it is thought, to the effects 
of entrapped air. À simple folder of black 
paper, pressed smoothly to expel air, ap- 
pears to give uniformly accurate results. 

In practical use, the sections to be inter- 
leaved with film will be taken in to the 
darkroom for installation. Film sheets will 
be pre-punched to slip over the section 
registration bosses (thus establishing the 
geometrv of the dosimetrv svstem) and 
placed between sections. Taping of edges to 
exclude visible light may not be necessary 
because of the slowness of the film and the 
good fit of the sections. 

Calibration problems are now being 
studied also. It appears at this time that 
density below the surface for cobalt 60 
energies may be predetermined bv ion- 
chamber measurements and utilized di- 
rectly for calibration, rather than requiring 
companion films to be exposed for this pur- 
pose. This is a preliminary finding, and one 
not to be accepted until experimental work 
has been completed. 


COORDINATE SYSTEMS 


The radiation analog dosimetry system 
(RANDO) is based upon a Cartesian co- 
ordinate svstem; the Z-axis is the longi- 
tudinal axis of the body; the X-axis lies in 
the principal coronal plane; the Y-axis lies 
in the median plane of the body. Sections 
are numbered from о to 35, interfaces from 
1 to 35, with each interface bearing the 
number of the lower of the matching sec- 
tions. Looking down at an interface, the 
X-Y plane is seen. Figure 6 shows this 
coordinate system. The data boxes at the 
intersections of the ion chamber grid are 
numbered from the origin on the Z-axis, 
positive being anterior or right side, nega- 
tive being posterior or left side. 

The transparency of the data sheets 
allows ready transfer of data points. This 
also serves to facilitate reproduction if 
treatment atlases of data sheets are com- 
piled by cooperating institutions. 

The coordinate systems are carried into 
the orientation of the phantom on the 
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treatment table. The clamping device and 
plates and registrations are so proportioned 
that the Z-axis is always parallel to the 
table, whether the phantom is prone, su-- 
pine, or on its side, and for any grouping of 
sections. This is intended to assist in the 
alignment procedure. 


PATIENT ANALOGY 


Analog dosimetry attains maximum ac- 
curacy with maximum correspondence be- 
tween phantom analog and patient. The 
enormously complex structure of the hu- 
man body is not amenable to minute and 
detailed correspondence. However, ex- 
treme accuracy is beyond the limits re- 
quired in clinical practice, since neither the 
tumor lethal dose for a given case nor the 
tumor location and size are known with 
such precision. 

In practice, some simplification is neces- 
sary and permissible, as used in the case of 
the bone, muscle, lung, and air space con- 
tent of the Average Man. The exact extent 
of the effect of these simplifications on 
treatment accuracy is still to be deter- 
mined in detail. However, even with some 
divergence between phantom and patient 
in bone size and placement, far higher ac- 
curacy is achieved than by the application 
of theoretic correction factors. 

Among the factors still to be investi- 
gated are the effect of the respiratory cycle 
on thoracic dose and the accuracy limits of 
a phantom in a static respiratory condi- 
tion; gastrointestinal content; the effects 
of fascia (with much higher specific gravity 
than muscle tissue). Many other variables 
of the human body must be studied and 
error limits assigned. We must still deal 
with variations in size, body build, contour 
and fat content. À continuing program of 
research development is planned to elabo- 
rate the system in these respects. 

At this time, three techniques are being 
studied: 

a. Correspondence by Phantom or Pa- 
Hent Build-up. 

An emaciated patient may be brought 
into correspondence by adding a muscle- 
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tissue-equivalent deposit, in gel or wrap- 
ping form. A fat or edematous patient may 
be matched by adding tat-equivalent or 
muscle-equivalent build-ups to the phen- 
tom. 

b. Re-contouring. 

A female phantom is currently under 
development; the system includes a trans- 
parent, rigid brassiere in regularly graded 
sizes. The brassiere cup will bring the pa- 
tient's breast into accurate shape corre- 
spondence with the phantom; interchange- 
ability of phantom breast sections will 
establish size correspondence. A very close 
relationship will thus be established. Simi- 
lar techniques will be developed for other 
parts of the body. 

c. Multiple Sizing. 

There are few anthropometric studies of 
a population of the most common age 
group of cancer patients. Such a study 
must be undertaken to establish a phantom 
size range on rational grounds. Reducing 
the number of phantom sizes to a minimum 
is an economic imperative; having an 
adequate number is a therapeutic necessity. 

A program is being initiated to explore 
numerous other possibilities for expanding 
the range of the system. 









CLINICAL APPLICATIONS 


The system of analog dosimetry pre- 
sented here is oriented toward practical 
use in the radiotherapy departments of 
both large and small institutions. Its coa- 
tributions will be at a minimum in the 
treatment of responsive skin cancers, at a 
maximum in the many intricate treatment 
problems which confront the radiothera- 
pist. 

For example, there are few depth-dose 
charts or isodose curves which can be ap- 
plied with reasonable assurance for tangen- 
tial fields in breast carcinoma. The diff- 
culties are compounded by the need to 
provide idealized bolus set-ups. Ву estab- 
lishing a highly accurate correspondence 
between phantom and patient breasts, 
utilizing the contouring brassiere, dose 
distributions may be established with fer 
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greater precision and certainty *than pos- 
sible hitherto. Such distributions will relate 
not only to the breast area, but also to the 
axilla, chest wall, adjacent lungs, and 
internal mammary fields. 

Another example which illustrates the 
need for an inhomogeneous human substi- 
tute 15 the treatment of carcinoma of the 
lung. Much work has been done in the past 
on correction factors to allow for dimin- 
ished absorption and scatter in lung. Their 
use leads to considerable error in attempt- 
ing to estimate dose distributions within 
the tumor and surrounding tissue, par- 
ticularly when oblique or tangential fields 
are utilized. A much more precise dose 
distribution is attained by placing dosim- 
eters within an accurate, patient-adjusted 
phantom, and actually measuring the dose 
from the various fields to be used. The final 
results, including beam alignment, can 
readily be transferred to the patient. 

A major consequence of analog dosim- 
etry тау be the increase in sophistication 
and complexity of treatment plans which 
can be carried out with accurate knowledge 
of dose distributions. Frequently, optimal 
dose distributions may be obtained by 
multiple fields, precisely controlled rota- 
tions, radium or roentgen-ray supplements, 
and other techniques. With the analog 
dosimetry system, the most complicated 
treatment plan is evaluated as simply as 
any other, avoiding the complexities of 
calculating the dose distributions. 


SUMMARY 


Realistic phantoms, molded of accurate 
tissue-equivalent materials, and containing 
natural skeletons, lungs, and other struc- 
tures, are integrated with ion chamber and 
film dosimetrv systems. The objective is to 
reproduce patients in sufficient. detail to 
test and correct treatment plans by analog 
methods, thereafter transferring such treat- 
ments to the patient. By continued research 
and development into patient-phantom 
correspondence, a considerable contribu- 
tion to improved accuracy in radiotherapy 
is anticipated. Treatment computation 
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may be bypassed by analog dosimetry, and 
the possibility of achieving extensive and 
practical treatment atlases is considered. 


L. H. Lanzl, Ph.D. 
University of Chicago 
950 East goth Street 
Chicago 37, Illinois 
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THE FORTY-FOURTH ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE Forty-fourth Annual Meeting of 

the American Radium Society will be 
held at the Waldorf Astoria Hotel in New 
York City, April 2-4, 1962. A cordial in- 
vitation is extended to all members of the 
Society and also to other physicians and 
allied scientists who are particularly in- 
terested in problems related to the control 
of malignant disease. One of the objectives 
of the Society is to provide a common meet- 
ing ground for those individuals who have 
a major interest in cancer. 

On the first day of the meeting there 
will be a symposium on supervoltage 
therapy, with J. W. J. Carpender, M.D. 
as moderator, which will provide a dis- 
cussion in depth of the synchrotron, the 
linear accelerator, the betatron, cobalt 60 
and two-million volt x-ray. A distinguished 
guest participating in this symposium will 
be Professor Sir Brian W. Windever of 
London, England. In addition to taking 
part in the symposium Sir Brian will ad- 
dress the Society as guest lecturer. On the 
first dav's program there will also be sev- 
eral papers related to the use of super- 
voltage modalities in the treatment of can- 
cer of the breast, bladder, and nasopharynx. 
Another highlight will be a discussion of 
clinical trials in the next decade by J. R. 
Heller, M.D., President of Memorial Sloan- 
Kettering Cancer Center. Still. another 
presentation of considerable interest will 
be a symposium on the management of 
solid tumors of childhood with Harold W. 
Dargeon, M.D. as moderator. Paul C. 
Aebersold, Ph.D. will report on recent de- 
velopments in isotope production and 
source fabrication and John S. Laughlin, 
Ph.D. will present a comprehensive im- 
plant dosimetry svstem. 


On the second day of the meeting R. Lee 
Clark, M.D., Director of the M. D. Ander- 
son Hospital and Tumor Institute, will dis- 
cuss the clinical significance of recent 
progress in cancer research. An up-to-date 
report on clinical cancer chemotherapy will 
be given by Robert D. Sullivan, M.D. 
Roberts Rugh, Ph.D. will give a further re- 
port on his fascinating studv of low dose 
x-ray effect on the mammalian embryo and 
fetus. William S. MacComb, M.D. will 
moderate a panel on carcinoma of the 
larynx. At 11:15 a.m. on April 3 the Jane- 
way Lecture will be given bv Virginia 
Kneeland Frantz, M.D. on “Privileges and 
Challenges in the Study and Treatment of 
Thyroid Cancer." During the afternoon of 
April 3 George E. Moore, M.D., Director 
of the Roswell Park Memorial Institute, 
will discuss the importance to the radiol- 
ogist of recent advances in cytology. Fol- 
lowing this there will be a sympsoium on 
the modifying effect of chemotherapeutic 
agents on radiation response with Justin J. 
Stein, M.D. as moderator. Later in the 
afternoon. Robert C. Hickey, M.D. will 
report on palliation attempts in human 
breast cancer by pituitary irradiation with 
focused ultrasound. Other excellent papers 
will be found on the program which is 
printed in detail elsewhere in this issue of 
the JOURNAL. 

On the last day of the meeting Gould A. 
Andrews, M.D. of the Oak Ridge Institute 
of Nuclear Studies will report on experi- 
ence with whole body irradiation. There 
will be two papers concerned with malig- 
nant tumors of the vagina and a discus- 
sion of the management of adenocarcinoma 
of the cervix. A report on fifty cases of 
chordoma with an evaluation of their man- 
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agement will be presented. Another sym- 
posium of current interest will be on the 
subject of preoperative irradiation with 
Calvin T. Klopp, M.D. as moderator. Once 
again let me urge you to look over the com- 
plete program carefully. All participants 
are highly qualified and we look forward 
to an outstanding and memorable meeting 
of the American Radium Society. 

In addition to attending the Scientific 
Program just described the Forty-fourth 
Annual Meeting will be an occasion for re- 
newal of friendships znd for pleasurable 
social activities. A special invitation is ex- 
tended to the wives of members and guests 
and we hope that you will all come. There 
will be a guided tour and luncheon at the 
United Nations for the ladies on Monday, 
April 2. On Tuesday evening following a 
reception given by the Radium Chemical 
Company the annual banquet and dinner 
dance will be held in the Sert Room at the 
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Waldorf-Astoria Hotel. The Arrangements 
Committee has plans for entertainment at 
the banquet and for other social activities 
which will be of interest to all. 

Advance registration is encouraged. 
Members of the American Radium Society 
have already received registration forms. 
Please mai! them in promptly if you have 
not already done so. Non-members in- 
terested in attending the meeting of the 
American Radium Society are advised to 
write to Lemuel M. Bowden, M.D., Chair- 
man of the Arrangements Committee, for 
further particulars. Dr. Bowden's address 
is 177 East 79th Street, New York 21, 
New York. 


Rogert L. Brown, M.D., President 
American Radium Society 


Robert Winship Clinic 
Emory University 
Atlanta 22, Georgia 
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While the Subcommittee does not antici- 
pate revision of Handbook 76 in the im- 
mediate future, a number of questions of 
interpretation of that handbook have arisen 
and the Subcommittee expects to deal with 
these problems as its first order of business. 

Reorganization of Subcommittee 7 on 
Monitoring Methods and Instruments fol- 
lowing the retirement from NCRP ac- 
tivities of the former Chairman, H. L. 
Andrews, is presently underway. A new 
Chairman, Arthur R. Keene, has been se- 
lected, and the following have been named 
members of the Subcommittee: 


К. T. Mooney 
J. Ovadia 

W. С. Roesch 

E. W. Webster 


А. К. Keene, Chairman 
J. S. Handloser 

M. Ehrlich 

J. S. Krohmer 


It is planned that the Subcommittee will 
write a new handbook to replace Hand- 
book 51 (NCRP Report No. 10), “Radio- 
logical Monitoring Methods and Instru- 
ments” which was published in 1952 and 
hence is somewhat out of date. 

It has recently been brought to the at- 
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tention of the NCRP that the increasing 
use of radiation-producing equipment in 
high school and college classrooms presents 
a radiation protection problem which has 
received very little attention up to the 
present. The Executive Committee of the 
NCRP has now authorized the establish- 
ment of a subcommittee to review this 
problem with the intent to formulate 
recommendations on this area. Professor F. 
Shore of Queens College has agreed to 
chair the Subcommittee. The activities of 
this Subcommittee are to be coordinated 
with the activities of the Committee on 
Apparatus for Educational Institutions of 
the American Association of Physics 
Teachers which is very much interested in 
the formulation of recommendations ap- 
plicable to this area and in the dissemina- 
tion of such recommendations to the teach- 
ing profession. The United States Public 
Health Service has tentatively agreed to 
carry out such field studies as may be 
necessary to obtain some of the opera- 
tional information needed by the Sub- 
committee. 
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THE AMERICAN BOARD OF RADIOLOGY 

The American Board of Radiology makes 
the following announcement: 

The Spring 1962 examination will be 
held at the Terrace Hilton Hotel, Cin- 
cinnati, Ohio, June 18—22, inclusive, 1962. 
The deadline for filing applications was 
January 1, 1962. A specia! examination in 
Nuclear Medicine for Diplomates in Radi- 
ology or Therapeutic Radiologv and an ex- 
amination in Radiological Physics will be 
held if there are sufficient applications. 

The Fall 1962 examination will be held 
at the Pioneer Hotel, Tucson, Arizona, the 
fist week in December; che deadline for 
filing applications is July 1, 1962. Please 
note that at this session Nuclear Medicine 
will become a mandatory part of the ex- 
amination. All candidates, excluding re- 
examinees, who are applying for examina- 
tion in Radiology or Therapeutic Radiology 
for the December 1962 session or thereafter 
must submit a Nuclear Medicine applica- 
tion in addition to their basic application. 
This applies even to those applicants whose 
basic applications are on file but who will 
not yet have appeared for examination. 

THE 1961 W. EDWARD CHAMBERLAIN 

LECTURE 

The 1961 Lecture correlating physiology 
and radiology, honoring W. Edward Cham- 
berlain, M.D., Emeritus Professor of Ra- 


diology, Temple University School of 


Medicine, was given on November 22, 1961, 
by Bjórn Nordenstróm, M.D., Director, 
Roentgen Department, Thorax Clinic, 
Karolinska Hospital, Stockholm, Sweden. 
The subject was: Methods of Altering Cir- 
culatory Dynamics to Imorove Roentgen 
Examination. 
ASSOCIATION OF UNIVERSITY 
RADIOLOGISTS 

The Association of University Radiolo- 
gists has elected the following officers for 
1961-1962: President, Robert D. Moseley, 





Jr, M.D., Chicago, Illinois; President- 
Elect, Melvin M. Figley, M.D., Seattle, 
Washington; and Secretary- Treasurer, 
Herbert M. Stauffer, M.D., Philadelphia, 


Pennsylvania. 


COLLEGIUM ORBIS RADIOLOGIAE 
DOCENTIUM 
The conference of university professors 
of medical radiologv which was arranged 
by Professors Schinz and Cocchi of the 
University of Zürich under the provisional 
title of a “World Association of University 
Professors of Medical Radiology,” and 
convened in Zürich October 13-15, inclu- 
sive, 1961, determined to formally estab- 
lish the “Collegium Orbis Radiologiae 
Docentium” (C.O.R.D.), with the follow- 
ing Executive Committee: 


Professor Hans R. 
Schinz (Switzerland); 
Professor Luigi Tu- 
rano (Italy); 
Professor U. 
(Switzerland); 
Professor Guy R. Le- 
doux-Lebard (France); 
Professor Josef Becker 
(Germany); Profes- 


President: 
Vice-President: 


Secretary: Cocchi 


‘Treasurer: 


Members at Large: 
sor Carleton B. 
Peirce (Canada); 
and Professor B. G. 
Ziedses des Plantes 
(The Netherlands). 


Various problems were discussed. Arising 
from the deliberations of the conference, 
the following conclusions are currently an- 
nounced for the information of those con- 
cerned: 

It was the consensus of the conference 
concerning: 


A. Radiation Protection in Hospitals: 

1. As the accomplishment of radiation protec- 
tion in hospitals requires and presupposes a 
comprehensive special knowledge of radio- 
diagnosis and therapy, as well as radiobiology, 


Vor. 8j, No. 1 News 


radiation physics and cognate applied science, 
its responsible direction must be in the hands 
of the senior physician in medical radiology of 
the hospital. 

2. 'The senior medical radiologist must see that 
the rules and regulations governing protec- 
tion against radiation, both as laid down in 
law and as -ecognized internationally are ob- 
served for the protection of patients and staff. 

3. Should there be no radiologist specialist for 
the hospital, responsibility for protection 
measures should be entrusted to a radiologist 
specialist from elsewhere (engaged as a con- 
sultant). 
It is recommended that each country form a 
Committee composed of medical radiologists 
and biophysicists, which will check whether 
or not the medical measures provided as 
protection against radiation are in accordance 
with the law and accepted international 
norms. This is (especially) recommended for 
countries in which such committees do not al- 
ready exist. 

. Creation of a European Center for Radiobiology 

and Radiotherapy: 

The creation of a European Center for Radio- 
biology and Nuclear Medicine (as a research 
center but not a Hospital for Radiation Therapy) 
would be welcomed by the majority present. 

It was requested that the National Association 
for Medical Radiology and Nuclear Medicine in 
Europe appoint one delegate each to form a 
preparatory (or study) committee with the pur- 

` рове of submitting a plan for same to this body 

or before the Tenth International Congress of 
Radiology in Montreal (in 1962). (Notice of such 
appointments to a committee to be sent to Pro- 
fessor Schinz.)—H. R. Schinz, M.D., President 


SECOND INTERNATIONAL CONGRESS 
OF RADIATION RESEARCH 


The Second International Congress of 
Radiation Research will be held in Harro- 
gate, England, August 6-11, 1962. The 
Congress will be concerned with research 
into the physical, chemical, and" biological 
effects of ionizing radiation. The Radiation 
Research Society, in cooperation with the 
National Academy of Sciences-National Re- 
search Council, is exploring possibilities for 
providing partial travel support to qualified 
participants. Applications must be sub- 
mitted prior to February 1, 1962. Forms 
for this purpose are available from the 
Committee on Travel Grants, Room 319, 
2101 Constitution Avenue, N. W., Wash- 
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ington 25, D. C. Further information about 
the Congress may be obtained from the 
Secretary-General, Dr. Alma Howard, 
Mount Vernon Hospital, Northwood, Mid- 
dlesex, England. 


AMERICAN SOCIETY OF X-RAY 
TECHNICIANS 

The Thirty-fourth Annual Convention 
of The American Society of X-Ray Tech- 
nicians is to be held at the Olympic West- 
ern Hotel, Seattle, Washington from July 
7 through July 12, 1962. 

Arrangements have been made for ex- 
tensive Refresher Courses in technique, 
x-ray physics, therapy, etc. Technicians 
are encouraged to submit technical papers, 
essays, or prepare exhibits. 

'This is the first time that the Society is 
going to the Pacific Northwest. An addi- 
tional attraction will be the World Fair 
with its extensive sclentific displays. A 
record attendance is anticipated. 

For further information please write to 
Mrs. Isabel H. Witters, R. T., Publicity 
Chairman, 314 №. E. g2nd, Seattle 15, 
Washington. 


ANNOUNCEMENT OF GRADUATE 
PROGRAM IN RADIOLOGIC 
PHYSICS 

Radiological physics graduate study and 
training is now available in the Depart- 
ment of Radiology at the Stanford Univer- 
sity School of Medicine. The graduate 
study is a 2-year program open to students 
with a B.A. or B.S. in physics, and leads to 
the degree of M.A. in Medical Sciences, 
with specialization in Medical or Health 
Radiological Physics. A few fellowships 
will be available to qualified students. Also 
available is a one-year traineeship in 
Medical Radiological Physics for on-the- 
job training in the department. The trainee- 
ship, which pays an adequate stipend, is 
primarily intended for post-M.S. training, 
but consideration will be given to applicants 
with a B.A. or B.S. Information on both 
programs can be obtained from the Chair- 
man, Department of Radiology, Stanford 
Medical Center, Palo Alto, California. 
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COURSE IN MEDICAL USES 
OF RADIOACTIVE ISOTOPES 

A four month course will commence on 
Tuesday, February 6, 1962, at Queens Hos- 
pital Center and will consist of weekly five 
hour sessions covering lectures, laboratory 
exercises, and clinical management of pa- 
tients. 

Please apply to: Dr. Pailip J. Kahan, 
Supervising Medical Superintendent, 
Queens Hospital Center. 82-68 164th 
Street, Jamaica 32, New York. 
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SHARE YOUR JOURNAIS 


The United States Committee of The 
World Medical Association is sponsoring a 
project to send used medical journals to 
physicians in Asia. Specialty journals are 
needed. 

If you wish to participate in this doctor- 
to-doctor program, please write to The 
World Medical Association, United States 
Committee, Inc., то Columbus Circle, 
New York 19, New York, listing the 
Journal(s) you wish to contribute. 


AMERICAN CLUB OF THERAPEUTIC RADIOLOGISTS 


At its recent meeting on November 29, 
1961 in Chicago, the American Club of 
Therapeutic Radiologists elected the fol- 
lowing officers: President, Manuel Garcia, 
M.D., New Orleans; Vice-President, Isa- 


dore Lampe, M.D., Ann Arbor; Treasurer, 
Howard Latourette, M.D., Iowa City; and 
Secretary, J. A. del Regato, M.D., Colo- 
rado Springs. 


EASTERN CONFERENCE ON RADIOLOGY 


The Eastern Conference of Radiology 
will be held in New York City at the Wal- 
dorf-Astoria Hotel on Thursday, Friday 
and Saturday, March 29, 30 and 31, 1962 
preceding the Forty-fourth Annual Meet- 
ing of the American Radium Society. The 
New York Roentgen Socety will be the 
host for this Conference. 

There will be a Cocktail Party and Re- 
ception early Thursday evening, March 29, 
followed by a Theater Party. On Friday, 
March 30, there will be a luncheon and in 


the evening a Dinner-Dance at the Wal- 
dorf-Astoria. An interesting social program 
is being planned fcr the wives. 

The scientific sessions will run all day on 
Friday, and half a day on Saturday through 
noon. An excellent program is arranged. 

For complete particulars, please write to 
Dr. Bernard S. Wolf, Secretary of the New 
York Roentgen Society, the Mount Sinai 
Hospital, 11 East 100 Street, New York 29, 
New York. 


Vor. 87,,No. 1 





BOOK REVIEWS 








Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
Sor the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 











Puysicat Founpations or Raprorocv. Third 
edition, revised and enlarged. By Otto 
Glasser, Ph.D., Professor Emeritus of Bio- 
physics, Frank E. Bunts Educational Insti- 
tute, Cleveland Clinic Foundation, Cleve- 
land; Edith H. Quimby, Sc.D., Professor 
Emeritus of Radiology, College of Physicians 
and Surgeons, Columbia University, New 
York; Lauriston S. Taylor, Sc.D., Chief, 
Atomic and Radiation Physics Division, 
National Bureau of Standards, Washington, 
D. C.; J. L. Weatherwax, M.A., Physicist 
(Retired), American Oncologic Hospital, 
Philadelphia; and Russell Н. Morgan, M.D., 
Professor of Radiology and Radiologist-in- 
Chief, Johns Hopkins University and Hos- 
pital, Baltimore. Cloth. Price, $10.00. Pp. 
503, with numerous illustrations. Publisher, 
Раш B. Hoeber, Inc., Medical Division of 
Harper & Brothers, 49 East 33rd Street, 
New York 16, N. Y. 


The appearance of the third, revised and en- 
larged, edition of this splendid book, which has 
become a classic of the American radiologic 
literature will undoubtedly be greeted with 
pleasure and grateful appreciation. “Physical 
Foundations of Radiology" since its first publi- 
cation in 1944, continued to form a part of ever- 
increasing importance in the academic life of 
nearly every radiologist, and it may be un- 
hesitatingly said that the aim originally set 
forth by the authors has been admirably ful- 
filled. This aim was to present “а compact, ele- 
mentary, and essentially nonmathematical 
guide to radiation physics, for the physician 
and the student." Since only those physical 
principles were incorporated in the "guide" 
which are indispensable to the understanding of 
medical radiology, and since these principles 
were expounded in a condensed lucid manner, 
the book, re-edited for the second time in 1952, 
enjoyed unusual success. 

In this third edition many timely changes 
may be found. Certain chapters on nonradio- 
logic material, as for instance that on the 
fundamental concepts of electricity and 
magnetism, have been omitted, others have 
been recombined or re-arranged and a new 


chapter on “Physics of Diagnostic Radiology," 
authoritatively written by Dr. Russell H. 
Morgan, has been added. 

In the individua] chapters, which number 16, 
likewise numerous alterations or additions may 
be noted. Thus the chapter on “Milestones in 
Radiology" has been expanded to cover the 
period of 1950 to 1960; the Nobel Prize winners 
on subjects pertaining to important discoveries 
in Radiation Physics and Chemistry as well as 
medical authors of some other important dis- 
coveries have been included; and data of the 
nine Ínternational Congresses of Radiology 
have been added. The chapters on ‘‘Roentgen- 
Ray Tubes," “Roentgen-Ray Circuits" and 
"Supervoltage Generators, High Energy Ac- 
celerators, Nuclear Reactors" have been com- 
bined into one and the material has been re- 
written to encompass the latest types of ap- 
paratus. Considerable alteration and many new 
additions have also been made in the chapters 
dealing with measurements and dosage of the 
roentgen rays as well as of the natural and 
artificial radioactive elements. The last chapter 
contains the depth dose tables. Most of these 
tables have been retained unchanged from the 
Second Edition; in some, minor corrections 
have been made; and several new tables have 
been added either for different distances or for 
new types of treatment. Most important of 
these latter are the depth dose tables of cobalt 
60, cesium 137, 4 and 8 mev. linear accelerator, 
and 22 mev. betatron with copper compensating 
filter. | 

The text has been excellently edited by Drs. 
Otto Glasser and Edith H. Quimby. The Pub- 
lisher by a skillful typographical treatment of 
the material succeeded in producing a compact 
print which is easily read and has a fine artistic 
quality. The illustrations and diagrams are well 
chosen and superbly reproduced. This Third 
Edition of the book is enthusiastically recom- 
mended as a worthy successor of the two former 
eminently successful editions. 

Traran Leucutia, M.D. 


CurnicaL Use or RADIOISOTOPES: A MANUAL 
or Trcunique. Second edition. Edited by 
Theodore Fields, M.S., F.A.C.R. (Assoc.), 


209 


210 


Chief, Physics Section, Redioisotope Service, 
Veterans Administration Hospital, Hines, 
Illinois; Instructor in Radiology, North- 
western University Medical School; Attend- 
ing Physicist, Cook County Hospital 
Chicago, Illinois; Certified Medical Nuclear 
Physicist, American Board of Radiology; and 
Lindon Seed, M.D., Clinical Associate Pro- 
fessor of Surgery, University of пов 
College of Medicine; Director of Isotope 
Laboratories, Augustana Hospital, Chicagc, 
Illinois, and Oak Park Hospital, Oak Park, 
Illinois; Consultant п Radioisotopes, 
Veterans Administration Hospital, Hines, 
Illinois. Cloth. Price, $15.50. Pp. 475, with 
77 illustrations. Year Book Publishers, Inc, 
200 E. Illinois St., Chicago 11, Il., 1961. 


The revised edition of this manual continues 
' the original purpose of providing a guide for 
practical application of proved techniques m 
Nuclear Medicine. The appearance of the 
second edition, only four vears after the first 
edition, attests to the chanze and rapid growth 
in this field. 

The new volume uses tae same general ap- 
proach as the earlier edition, but with carefal 


modification and expansicn. New authorities ` 


in various fields have been included in the group 
of contributors. Sections cn thyroid scanninz, 
liver function, and gastrointestinal function 
tests have been added. 

The volume is of practical size for dady 
laboratory use. It is divided into four parts: 
routine clinical diagnostic zests, routine clinical 
therapy techniques, the planning and operation 
of a radioisotope laborato-y, and a section on 
radiation safety with a useful group of ap- 
pendices. No attempt is made to go into a ce- 
tailed discussion of the prysics or physiolozy 
involving the individual tests. There is gen- 
erally a sufficient background description fol- 
lowed by detailed instructions for application 
and some evaluation of the technique de- 
scribed. No attempt is made to include every 
reported technique available in the literature. 
Discussion has wisely been limited to tech- 
niques which are of known value with wide ap- 
plication. For the reader who desires ехепѕ-оп 
of new information supplied in these individaal 
sections, there is a complete and well chosen 
bibliography following each -chapter. Thsse 
references in the text are sufficiently clear to 
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allow intelligent use of the many papers cited. 

Of the changes and additions made since the 
first edition, the chapter on scanning is unusu- 
ally good. it presents a complete analysis of the 
background with a step by step description of 
the technique to be employed. The section on 
gastrointestinal function tests, while very well 
done, is perhaps tco simplified to allow the in- 
experienced reader to evaluate the unpredict- 
able facets and the borderline and overlapping 
results one often obtains with this type of 
study. At this stage in the development of nu-. 
clear medicine, the reviewer would have pre- 
ferred a shorter section on radioautography. 
There is no information on the use of radio- 
active material in the study of renal diseases. 
We feel this represents a distinct deficiency. 

During the period when we feel there are too 
many general texts appearing on the subject of 
nuclear medicine, this book still represents a 
very useful addition. The authors' purpose to 
produce a manual of technique is clearly 
achieved. It has a distinct appeal to the casual 
student of nuclear medicine, but should find its 
greatest usefulness in the functioning radio- 
isotope laboratory. 

Raymonp А. САсиАкрт:, M.D. 
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Le TRAITEMENT DES Cancers ÁNO-RECTAUX PAR 
LA RADIOTHÉRAPIE DE Сомтаст. By Jean Papil- 
lon, Professeur à la Faculté de Médecine de Lyon, 
Radiologiste des Hópitaux, Chef du Service de 
Radiologie du Centre Léon-Bérard; Marcel Dar- 
gent, Professeur à la Faculté de Médecine de 
Lyon, Chirurgien des Hôpitaux, Directeur du 
Centre Léon-Bérard; Annick Pinet, Ancienne 
Interne des Hópitaux de Lyon, Diplómée de 
Radiologie; and Jean-Louis Chassard, Radiolo- 
giste des Hópitaux, Ancien Chef de Clinique à la 
Faculté de Médecine, Assistant de Radiologie du 
Centre Léon-Bérard. Paper. Pp. 167, with 3 il- 
lustrations. Masson et Сё, Éditeurs, 120 Boule- 
vard Saint-Germain, Paris (6°), France, 1960. 

PROBLEMS or HEREDITARY ÜHONDRODYSPLASIAS; А 
RoswTGENOLOGICAL, CLINICAL AND GENETIC 
Stupy or 7o Cases or HEREDITARY Сномрко- 
DYSPLASIAS IN 42 Norwectan Famiuies, By 
Andreas Habaek, Head of the Radiological De- 
partment of the Municipal Hospital of Hauge- 
sund, Norway. Paper. Price, N.Kr. 45. Pp. 175, 
with 49 illustrations. Oslo University Press, 355 
North Street, Boston 9, Mass., 1961. 
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: SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unrrep STATES OF AMERICA 


AMERICAN RoENTGEN Ray SOCIETY 
Secretary, Dr. C. Allen Good, Mayo Clinig, Rochester; 
Minn. Annual meeting: Shoreham Hotel, Washington, 
D. C., Oct. 2-5, 1962. 

American Rapium Sociery 
Secretary, Dr. Charles С. Stetson, 350 Engle Street, 
Englewood, N. J. Annual meeting: Waldorf-Astoria 
Hotel, New York, N. Y., April 2-4, 1962. 

Ravrotoarcat Socigry ОР NORTH AMERICA 
Secretary, Maurice Doyle Frazer, 1744 South Fifty- 
eighth St., Lincoln, Neb. 

Treasurer, Dwight Vincent Needham, 713 E. Genessee 
St., Syracuse, М. Y. Annual Meeting to be announced. 

AMERICAN COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting: Roosevelt 
Hotel, New York, ЇЧ. Y., Feb. 7-10, 1962. 

SzcerioN on RADIOLOGY, AMERICAN MEDICAL ÁSSOCIATION 
Secretary, Dr. Clyde А. Stevenson, Sacred Heart Hospi- 
tal, West тот Eighth Ave., Spokane 4, Wash. Annual 
meeting: Chicago, Ill., June 24—28, 1962. 

American Boarn or КАр10100Ү 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 
The Spring 1962 examination will be held at the Terrace 
Hilton Hotel, Cincinnati, Ohio, June 18-22, 1962 in 
clusive. The deadline for filing applications was January t, 
1962. A special examination in Nuclear Medicine for 
Diplomates in Radiology or Therapeutic Radiology and 
an examination in Radiological Physics will be held if 
there are sufficient applications. The Fall 1962 examina- 
tion will be held at the Pioneer Hotel, Tucson, Arizona, 
the first week in December; the deadline for filing appli- 
cations is July 1, 1962. Please note that at this session 
Nuclear Medicine will become a mandatory part of the 
examination. АП candidates, excluding re-examinees, who 
are applyi for examination in Radiology or Therapeutic 
Radiology for the December, 1962 session or thereafter 
must submit a Nuclear Medicine application in addition 
to their basic application. This apples even to those ap- 
plicants whose basic applications are on file but who will 
not yet have appeared tor examination. 

AMERICAN ÅSSOCIATION OF PHYSICISTS IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announced, 

TENTH INTERNATIONAL Сомокезѕ oy RaproLocy 


Secretary-General, Dr. Carleton B. Peirce, Royal Vic- 
toria Hospital, Montreal 2, Quebec, Canada. Meets in 
Montreal, Aug. 26-Sept. 1, 1962. 


Езонтн INTER- RICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. J. A. del Regato, 
Penrose cer Hospital, 2200 North Cascade Avenue, 
Colorado Springs, Colorado. Meeting to be announced. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, Ill. 

Arizona RADIOLOGICAL SOCIETY 
Secretary, Dr. Don E. Matthieson, 926 East McDowell 
Rd., Phoenix, Ariz. Two regular meetings a year, Annual 


meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY . 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark, Meets every three months and also at time 
and place of State Medical Association. 

ASSOCIATION or Unrverstry RADIOLOGISTS 
ete Dr. Herbert M. Stauffer, Temple University 
Medical Center, Philadelphia 40, Pa. Annual Meeting: 
University of Indiana, Indianapolis, Ind., May 19-20, 
1962. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wilson T. Edenfield, 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 

Biocxiy RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Finkelman, 101 S. Twentieth St., 
Philadelphia, Pa. 

BrooKkLYN RADIOLOGICAL SOCIETY 
Secretary, Dr. Leslie L. Alexander, 257 New York Ave., 
Brooklyn 16, N. Y. Meets first Thursday of each month 
October through May. 

BurraLo RaproLoaicaL Sociery 
Secretary, Dr. R. poset Naples, 106 Morgan Parkway, 
Williamsville 21, N. Y. Meets second Monday evening 
each month, October to May inclusive. 

CENTRAL New York Raproroatcar Society 
Secretary, Denn A. Head, 150 Marshall St., Syra- 
cuse, Y. Meets first Monday each month October 
through May. 


Centra. Онто RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Freidman, Grant Hospital, 
Columbus, Ohio. Meets at 6:30 р.м. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 
CENTRAL Society or NucLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, Ш. 
Cuicaco ROENTGEN SOCIETY 
Secretary, Dr. Wiliam F. Hutson, 5145 N. California 
Ave., Chi , Ш. Meets second 'Thursday of. each 
month, October to April except December at the Shera- 
ton Hotel at 8:00 Р.М. 
CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Ward D. Heinrich, Huron Road Hospital, 
Cleveland 12, Ohio. Meetings at 7:00 р.м. on fourth 
Monday of each month from October to April at Tudor 
Arms Hotel. 
CorozApo RADIOLOGICAL SOCIETY 
Secretary, Dr. Seward Imes, 1845 High St., Denver, 
Colo. Meets third Friday of each month at Denver 
Athletic Club from September through May. 
Сокнестісст VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. James L. Krieger, 85 Jeferson St., Hart- 
ford, Conn. Meets first Friday in February and April. 
БА лз-Кокт Worta RaproLoGicAL SOCIETY 
Secretary, Dr. F. J. Bonte, 5201 Harry Hines Blvd., 
Dallas 35, Texas. Meets monthly, third Monday, at 
Greater Fort Worth International Airport at 6:30 Р.м. 
Derrorr Roenroen Ray Амр Rapium Society 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hos- 
ital, Detroit 1, Mich. Meets monthly, first Thursday, 
беюре through May, at David Whitney House, to10 
Antietam, at 6:30 P.M. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 


211 


212 


ES Bar кзы core 

сте т. Dan Tucker, 424 goth St, Oakland э 

Cali. Meets first шыу exch. maddy ac Peale 
Hospital, Oakland. 

East Tennessee RapioLocicar SocrgTY 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medical Ar-s 
Building, Knoxville, Tenn. Meets in January and Sep- 
tember. 

Eastern Conrerence or RADIOLOGY 
Secretary, Arrangements Committee, Dr. Bernard ©. 
Wolf, The Mount Sinai Hospital, 11 Ё. тоо Street, Nev 
York 25 М. Ү. Annual Meeting: Waldorf-Astoria Hote, 
New York, March 29-31, 1962. 

Easrern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. Meets at Mid Pins 
Club, Southern Pines, N. C., April 29-May 2, 1962. 

Frogrma RapioLocicaL SocrETY 
Secretary, Dr. Richard D. Shapiro, 1680 Meridian Ave, 
Miami Beach, Fla. Meets twice annually, in the sprinz 
with the annual State Society Meeting, and in the falL 

Fiorina West Coast RaproLoatcaL SOCIETY 
Secretary-Treasurer, Dr. Joseph C. Rush, 1800 Druid Rd, 
Clearwater, 

Georata RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brown, Griffin, Ga. Meets 
in spring and fall with Annual State Society Meeting. 

Greater Miami RADIOLOGICAL SoztgTY 
Secretary, Dr. Carl E. Balli, 907-8 Huntington Medica. 
Building, Miami 32, Fla. Meets monthl ird Wednes- 
day, at 8:00 Р.м, at Jackson Memorial Hospital, Miami 

a 


Greater Sr. Lours Sociery or RADIOLOGISTS 
Secretary, Dr. William E. Powers, St. Louis, Mo. 
Houston RaproLootcAL SocigTY 
Secretary, Dr. John Douglas Reeve, Texas Medical Cen- 
ter Library, Jesse H. Jones Library Bldg., Houston 25. 
Texas. Meets last Monday each month, Seminar Room. 
Doctors' Club of Houston. 
IDAHO SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 
Іыидноіѕз RapioLogicaL SocigTY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ш. Meets in the spring and fall. 
Inpiana Ковхтокм Society, Inc. 
Secretary, Dr. David E. Wheeler, 1500 North Ritter, 
Indianapolis, Ind. Meets first Sunday in May and during: 
fall meeting of Indiana State Mecical Association. 
Iowa RanioLoGIcaL SOCIETY 


Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Тожа. Luncheon and brsiness meeting during 
annual session of Iowa State Med.cal Society. The scien- 


tific section is held in the autumn. 

Kansas RaproLooicAL SocigTY 
Secretary, Dr. Roger K. Wallace, Riley County Hospital 
Manhattan, Kansas. Meets in sprng with State Medical 
Society, and in winter on call. 

Kentucxy RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Dav.s, 226 East Chestnut 


St., Louisville, Ky. Meets monthly on second Friday at . 


Seelbach Hotel, Louisville, 

Kines Country RaAproLocicAL SocierY 
Secretary, Dr. Abraham Berens, 1917 Bedford Ave., 
Brooklyn 25 N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 
8:45 Р.М. 

Los ANGELES RAproLooicaL Sociery 
Secretary, Dr. Saul Heiser, Los Angeles, Calif. Meets sec- 
ond Wednesday of month in September, November, 
January, March and June at Los eles County Med- 
1cal Association Building, Los Angeles. 

Marne RapioLooticAL ЗОСІЕТҮ 
Secretary, Dr. Albert A. Poulin, Thayer Hospital, Water- 


Society Proceedings 


January, 1962 


Hel Maine. Meets in June, September, December and 
pru. * 
Maryann RaproLoGicAL Society 
Secretary, Dr. Nathan В. Hyman, 1805 Eutaw Place, 
Baltimore 17, Md. 
Mewmpuis RogNTGEN Society 


Secretary, Dr. Irving K. Ettman, Kennedy V.A. Hos- 
ital, Department cf Radiology, Memphis 15, Tenn. 
4 сз first Monday of each month at John Gaston Hos- 

pital, 


Miami Үлү RaproLocica Society 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months. 

Mip-HupsoxN Raptovoarcat SocigrY 
Secretary, Dr. ў h Sorrentino, St. Francis Hospital, 
Poughkeepsie, №. Y. Meets 8:30 р.м., fourth Wednesday 
each month Sep ber to May. 

Mitwaurex Roenroen Ray Sociery 
Secret. Dr. Abraham Marck, Mayfair Professional 
Bldg., Milwaukee 13, Wis. Meets monthly on fourth 
Monday, October through May, at University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald H. Peterson, 853 Medical Arts 
Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring. 

Mississippr RADIOLOGICAL SOCIETY 
Secretary, Dr. Jack K. Goodrich, University Medical 
Center, Jackson Miss. Meets third Thursday of each 
month at Hotel Edwards, Jackson, at 6:00 р.м. 

Montana RapioLocicat SOCIETY 
Secretary, Dr. J. К. Boughn, 35 11th Ave., Helena, 
Montana. Meets at least once a year. 

Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Tugendhaft, 100 Nowbridge Rd., 
Hicksville, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

Nesraska State RADIQLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital Omaha 31, Nebraska. 
Meets third Wednesday of each month at 6 р.м. in 
Omaha or Lincoln. 

New Encianp Roentoen Ray Sociery 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April at The Longwood Towers, Brook- 
line, Mass. 

New НлмрзнівЕ Roenroen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
Chester, М. Н, Meets four to six times yearly. 

New Үокк Roentcen SOCIETY 
Secretary, Dr. Bernard S. Wolf, Mt. Sinai Hospital, New 
York, N. Y. Meets monthly on third Monday at the New 
York Academy of Medicine at 4:30 р.м. 

Nortu Carona RADIOLOGICAL SOCIETY 
Secretary, Dr. A. В. Croom, 624 Quaker Lane, High 
Point, N. C. Meets in the spring and fall each year. 

Norta Dakora Каріогоо1сАІ, Soctery 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, North Dakota, Meets at time of State Medi- 
cal Association meeting. Other meetings arranged on call 
of the President. 

Мокти FronipA Rapi0LocicAL Sociery 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Legs Mes 7, Fla. Meets quarterly in March, June, 

eptember and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Lester I. Citrin, St. Mary’s Hospital, 
Troy, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June, 
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Nortrawestsen Оно RADIOLOGICAL Society 
санад, Dr. George Asahina, 421 Michigan St., Toledo, 
o. 
Оно State RADIOLOGICAL SOCIETY 
Secretary, Dr. Chapin Hawley, 927 Carew Tower, Cin- 
cinnati, Ohio. Annual meeting to be announced. 
OkLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Simon Pollack, Utica Square Medical 
Center, Tulsa, Okla. Meets in January, May and October. 
OrEGON RADIOLOGICAL SOCIETY 
Secretary, Dr. George R. Satterwhite, Willamette Falls 
Community Hospital, 15th and Division, Oregon City, 
Ore. Meets monthly from October to June on the sec- 
ond Wednesday of each month at 8:00 p.m. at the Uni- 
versity Club. 
OnrzaNs Paris RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each 
month. 
Pacryic Nortawest RADIOLOGICAL SOCIETY 


Secretary, Dr. John N. Burkey, 555 Dental Bldg., . 


Seattle, Wash. Annual meeting: Seattle, Washington. 

Paciric RozNTGEN SocigTY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets annually during meeting of Califor- 
nia Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick R. Gilmore, Clearfield Hospital, 
Clearfield, Pa. Annual meeting: Pocono Manor Inn, May 
25-26, 1962. 

PHILADELPHIA RoENTGEN Ray Society 
Secretary, Dr. Robert B. Funch, Department of Radi- 
ology, Germantown Hospital, Philadelphia 44, Pa. Meets 
first Thursday of each month, at 5 р.м., from October to 
May in Thompson Hall, College of Physicians. 

PrrrspurcH RoENTGEN SOCIETY 
Secretary, Dr. Ross H. Smith, St. Margaret Memorial 
Hospital, Forty-Sixth St., Pittsburgh 1, Pa. Meets sec- 
ond Wednesday of month, October ugh June at Park 
Schenely Restaurant. 

RapioLooicAL SgcrioN, Barrimore Mabicar Sociery 
Secretary, Dr. James V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

RADIOLOGICAL SOCIETY or GREATER CINCINNATI 
Secretary, Dr. William C. Duffey, Cincinnati, Ohio. Meets 
monthly from September to May on first Monday of each 
month at 7:30 Р.м. at the Cincinnati General Hospital. 

RaproLocicAL ЅОСІЕТҮ or Hawai 
Secretary, Dr. G. J. Liese, Queen's Hospital, Honolulu, 
Hawaii. Meets third Monday of each month at 7:30 Р.м. 

RapioLocICAL Socigry ОР Greater Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RabtoLocicAL Society 0» Kansas Crrv 
йау, Dr. Arthur В. Smith, 800 Argle Bldg., Kansas 
City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY oy Louisiana 
Secretary, Dr. Robyn Hardy, 4324 М 
Orleans 15, La. Meets annually during 
Medical Society meeting. 

RanroLocicar Socizry or New Jerszy 
Secretary, Dr. George H. Burke, 601 Grand Ave., Asbury 
Park, N. J. Meets at Atlantic City at time of State Med- 
ical Society meeting and in November in Newark, N. J. 

RADIOLOGICAL SOCIETY or THE STATE ОР New York 


nolia St., New 
uisiana State 


Secretary- Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to an- 
nounced. 


Rapioroarcar Socigrv оғ Souru DAKOTA 
Secretary Treasurer, Dr. Donald J. Рек, 303 S. Minne- 
sota Áve., Sioux Falls, S. D. . 
RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Secretary, Dr. Robert Scanlan, St. Vincent’s Hospital, 
Los Angeles, Calif. 
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Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Кіснмонр Counry RADIOLOGICAL SOCIETY 
Secretary, Dr. W.F. Hamilton, Jr., University Hospital, 
Augusta. Ga. Meets first Thursday of each month at 
various hospitals. 

Коснеѕтек RoEgNTGEN Ray Socrery, RocuzsrEz, №. Y. 
Secretary, Dr. Robert H. Greenlaw, 260 Crittenden Blvd., 
Rochester 20, №. Y. Meets at 8:15 р.м. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocxy Mountain RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting: Denver Hilton Hotel, 
Denver, Colo., Aug. 16—18, 1962. 

Saw AwroNI0-MiLITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets third Wednesday 
cach month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San Ртвао RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Coulson, San Francisco General 
Hospital, San Francisco 8, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 13, Calif. 

Section on Rapio.oey, CALIFORNIA MEDICAL ASSOCIA- 
TION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on RapioLooy, Connecticur State MepicaL 
Society ' 

Secretary, Dr. Wayne P. Whitcomb, Hospital of St. 
Raphad, New Haven, Conn. Meetings are held bi- 
monthly. 

SEcrioN on RapioLooy, MzpicAL Sociery or THE Dis- 
TRICT OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1746 K St., N.W., 
Washington 6, D. C. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Ѕестцоч on RapioLocr, ILLINOIS Srare Mepicat Society 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, Ш. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting to be 
announced. 

Sereveport КАрІ01001САІ, CLuB 
Secretary, W. R. Harwell, 608 Travis St, Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 PM., 
September to May inclusive. 

Socizty ror PEDIATRIC RADIOLOGY 
Secretary, Dr. Richard G. Lester, 412 Union St., S.E., 
Minneapolis 14, Minn. Annual meeting to be announced. 

Socigzry oy Nucrear MEDICINE 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bldg., Denver 2, Colo. Administrator, шша N. Turiel, 

jo N. Michigan Ave., Chicago 11, Ill. Annual meeting: 
aker Hotel, Dallas, Texas, June 27-30, 1962. 

Ѕоотн Bay RanioLocicaL SocigTY 
Secretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each 
month. - 

Sourn CAROLINA RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) · 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 
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SovruERnN RADIOLOGICAL CONFERENCE 
Secretary, Dr. Marshall Eskricge, Mobile Infirmary 
P.O. Box 4097, Mobile, Ala. 
SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. Ralph S. Claytoa, 1 fol Arizona, Bld, 
2-A, ЕГ Paso, Texas. Meets second Tuesday of eacl 
month. 
TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 
his, Tenn. Meets annually at the time and place of th: 
ennessee State Medical Association meeting. 
Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg 
1216 Pennsylvania Ave., Fort Worth 4, Texas. Annud 
meeting: Austin, Texas, Jan. 1g and 20, 1962. 
Tri-State RADIOLOGICAL Society 
Secretary, Dr. John Н. Marchand, Jr., Welborn Clinic, 
420 Cherry St., Evansville, Ind. Meets third Wednesday 
о Oct., Jan., March and May, 8:00 р.м., Elks Club ia 
vansville. 


Untversrry or MICHIGAN DEPARTMENT OF ROENTGEM- . 


OLOGY Starr MEETING 
Meets each Monday evening from September to June, st 
3:00 Р.м. at University Hospital. 

Upper Peninsuca RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Отан $тАтЕ RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Y. Card, St. Mark’s Hospital, Sa t 
Lake City, Utah. Meets fourth Wednesday in Januarz, 
Mr September and Movember at Holy Cross 

i 
уоп Ar кетей С Dil, у е 
ecretary, Dr. Pow : r., 71 u trees, 

Lynchburg, Va. Meets annually in Hs es 

WASHINGTON STATE RADIOLOGICAL Society 
Secretary, Dr. Joseph T. Houk, 14303 Ambaum Blvc, 
Seattle 66, Wash. Meets third Monday of each month 
from September through Aprl at the University of 
Washington Medical School. 

Wesr VinGINIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Karl J. Myers, The Myers Clinic-Broad- 
dus Hospital, Philippi, . Va. Meets concurrently wi-h 
Annual Meeting of West Virgin.a State Medical Societz; 
other meetings arranged by program committee. 

WESTCHESTER IOLOGICAL SOCIETY 
Secretary, Dr. Anthony A. Maglione, Westchester Acad- 
emy of Medicine, Section on Radiology, Purchase, N. 7. 
Meets on third Tuesday of January and October and on 
two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 


Secretary, Dr. Howard G. Bayley, 116 Iroquois Parkway, 
Beaver am, Wis. Annual meeting each spring in various 
places. 


Cusa, Mexico, Роввто Rico anD CENTRAL AMERICA 


Asociaci6n DE RapióLoaos ng CENTRO AMERICA Y 
PaNAMÁ. Comprising: Guatemala, El Salvador, Hcn- 
duras, Nicaragua, Costa Rica end Panamá. 
Secretary-General, Dr. Julio Toziello, 11 Calle 2-37, Zona 
1, Guatemala. Meets annually in a rotating manner án 

e siX countries. 

босіврлр DE RAprotoaoía ре EL SALVADOR 
Secretary, Dr. Rafael Vaga Gémez. 

Socrepap DE RADIOLOGÍA рк GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A 0-05, Zona 1, 
Guatemala. 

Socrgpap ре RapioLoGÍA v FisioTERAPÍA CUBANA 
Secretary, Dr. Miguel A. Gercfa Plasencia, Hospi-al 
Curie, ag y Е, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

Socrepap COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado VII, 
San José, Costa Кіса, 
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ЅосіврАр Mexicana рЕ RaproLooía, А. C. . 
Calle del Oro No. 15. México 7, D. F. 
Secretary-General, Dr. E. Alvarez Hernández. Meets 
first Monday of each month. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

Ѕостврлр RADIOLÓGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting. 

Socrepap RanioLóorca DE Puerto Rico 
Secretary, Dr. César E. Rosa-Perez, Fondo del Segura del 
Estado, Parada 1, San Juan 8, Puerto Rico. Meets second 
Thursday of each month at 8:00 р.м. at the Puerto Rico 
Medical Association Bldg. in San Juan. 


BRITISH COMMONWEALTH or NATIONS 


AssociaTION OF RADIOLOGISTS oF THE PROVINCE OF QUE- 
BEC 
Secretary, Dr. Odilon Raymond, 5400 Blvd. Gouin. 
Quest, Montreal, Que. Meets four times a year. 

BRITISH INSTITUTE ОР RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W. 1. Meets monthly from October until May. 

Ермомтон AND Districr RADIOLOGICAL SOCIETY 
Secretary, Dr. S. C. Windle, 105 Northgate Bldg., Ed- 
monton, Alberta. Meets first Tuesday of each month, 
October to May. 

FacurrY or RADIOLOGISTS 
Honorary Secretary, Dr. C. J. Hodson, 47 Lincoln's Inn 
Fields, London, W.C.2, Endland Annani miee ing: Ham- 
mersmith Hospital and the Postgraduate Medical School, 
London, June 15-16, 1962. 

SECTION OF 10100Ү OF THE Roya ЅОСІЕТҮ or MEDI- 
cINE (Conrinep то MEDICAL MEMBERS) 
Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1. 

CANADIAN Association oF RADIOLOGISTS 


Honorary Secretary, Dr. Robert С. Fraser, Associate Hon- 
orary Secretary, Dr. Jean-Louis Léger, 1555 Summerhill 
Ave., Mon 25, Que. Annual meeting: Marlborough 


Hotel, Winnipeg, Man., Jan. 22--24, 1962. 
Monrreat RADIOLOGICAL Stupy Cius 
Secretary, Dr. F. McConnell, 1650 Cedar Ave., Montreal, 
Quebec. Meets first Tuesday evening, October to April. 
Section or RapioLoe7, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
SociÉrÉ CANADIENNE-FRANGAISE D’ELecrro-RaDIOLOGIE 
MEDICALE 
General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Moncreal, Canada. Meets third Saturday 
each month. 
Toronro RapioLoeican SocrETY 
Secretary, Dr. Wallace M. Roy, St. Joseph’s Hospital, 
о The Queensway, Toronto 3, Ontario. Meets second 
onday of each month September through May. 
CoLLEGE oy RADIOLOGISTS oF AUSTRALIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medica 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SourH AMERICA 


Asocraci6n ArcENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio С. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Mectings held monthly. 
ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 310c, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 р.м, in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 
Corfaio Враз віко DE RADIOLOGIA 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
5984, São Рашо, Brazil. 
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SOCIEDAD ÁgoENTINA DR RaDroLooía, Junta CENTRAL, 
Buenos AIRES 
Secretary, Dr. Edgardo O. Olcese, Santa Fé 1171, Buenos 
Aires, Meetings are held monthly. 

Socrepap BoLtvaNA DE RADIOLOG 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assem ly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 S&o Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 р.м. in Sáo Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

Soctepap CniLeNA DE RADroLoaíA 
Secretary, Dr. J. P. Velasco, Avenida Santa María 
o410, Santiago, Chile. Meets fourth Friday of each 
mon 

Socrepap CoLomBiana BE RADIOLOGIA 
Secretary, Dr. Alberto Mejfa Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

Ѕостерлр Ecuatoriana DE Rapro.ocfa v FisrorERAPÍA 
Sean Dr. Publio Vargas P., Casilla 1242, Guayaquil, 

or. 

SocrEDAD PAnAGUAYA DE RaptoLocíA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

SocigDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Peru. Meets monthly except during January, February 
and March, at Asociación Médica Peruana "Daniel A. 
Carrión," Villalta 218, Lima. 

SocrepaD pg RADIOLOGIA DEL ATLANTICO 


Secretary, Dr. Raul Fernandez, Calle до #41-110, Baran- 
uilla, Colombia. Society meets monthly at the Instituto 
е Radiologia. i 


SocrgpapD рЕ RapioLocfa, CaNcEROLOoGÍA Y Ffsica 
МЕЁрїсА ve Uruevay 
Secretary-General, Dr. Ernesto Н. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 
CIEDADE DE RADIOLOOIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE RogNTOENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Cérdoba, Argentina. 

Soctepap VENEZOLANA DE RaproLoefa 
Мену Um Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 

aracas. 
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CONTINENTAL EUROPE 


ÜSTERREICHSCHE RÓNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse to, Vienna 
9, Austrie. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 

Société Beror ре RApioLoorE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain ium. Meets in February, 
March, May, June, October, November and December. 

Société Francais D'ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SocÉrÉ pv Sup-Ourst, DU LrrrogAL 
MÉDITERRANÉEN, DU CENTRE ЕТ DU LYONNAIS, DU 
NORD, ре L'Ouzsr, ре L'EST, ET D'ALoER ET D’AFRIQUE 
pu Non». Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 
Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 8°, 
France. 

ČESKOSLOVENSKÁ SPOLEČNOST pro RORNTGENOLOGI A 
Raprorocri 
Secretary, Dr. Robert Poch, Praha 12, Šrobárova 50, 
Czechoslovekia. Meets monthly except during Jug. 
August, and September. Annual zeneral, 

Dzurscug RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitüts. 
Rontgeninstitut. Lagenbeckstr. 1, Mainz, Germany. 
Annual meeting to be announced. 

SocietA Iraviana ро: RapioLoora MEDICA Е pi MEDICINA 
NucLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING Voor ELECTROLOGIE ЕН ROnt- 
Tracor LR " vá 

ecret r. J. К. von Ronnen, Violenweg 14, den На 

Netherlands. ] oon = 

SCANDINAVIAN RoENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 

edical Radiology, meeting every second year in the 

different countries belonging to the Association. 

Socrepap Espafto.a pve Raproroofa v Execrro.ocfa 
Ménicas ү MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 

SCHWEIZERISCHE GEsELLscHAFT РОК RADIOLOGIE UND 
NUKLEARMEDIZIN (SociÉrÉ SurssE DE RADIOLOGIE ЕТ 
DE MÉDECINE NucLÉAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


meeting. 


Inpa 


1нргАн RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 
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ROENTGEN DIAGNOSIS 
Neck AND CHEST 


Cumming, С. R., and Finket, К. Intracardiac 
myxoma involving the right and left atria in 
a young patient. J. Pediat., Apr., 1961, 58, 
559-567. (Address: С. К. Cumming, The 
Children’s Hospital of Winnipeg, 685 Ban- 
natyne Avenue, Winnipeg 3, Manitoba, Can- 
ada.) 


Although over 200 cases of atrial myxomas have 
been reported in the literature, only g have occurred 
in children under sixteen year3 of age. The authors 
report a case of a nine year old boy who had inter- 
mittent embolic episodes to the extremities and the 
brain. 

At autopsy, a large myxoma (9.0X 4.23.0 cm.) 
was found on a pedicle arising from the left side of 
the atrial septum near the foramen ovale; it filled 
the entire left atrium, extended through the mitral 
valve to fill part of the left ventricle, and also ex- 
tended through the foramen ovale to form a mass 
3.5X2.0X 1.0 cm. in the right atrium. The left in- 
ternal carotid and middle cerebral vessels were filled 
completely with myxomatous -issue. 

'The most notable feature of left atrial myxoma in 
the young is the high incidence of cerebral emboli. 
Any embolic episode in a peciatric patient should 
suggest the possibility of an atrial myxoma and 
angiocardiography should be considered despite the 
absence of cardiac symptoms and signs. In the young 
patient, atrial myxoma may closely simulate rheu- 
matic heart disease. The clinicel picture may be that 
of mitral regurgitation rather than stenosis as is usu- 
ally emphasized in adult patierts. 

In apparent cases of тїїгє] valve disease, left 
atrial myxoma is suggested when: (a) there is no 
history of rheumatic fever; (b» the intensity of the 
murmurs changes rapidly and often; (c) the murmurs 
change with posture; (d) postural symptoms occur; 
(e) the course is relentlessly downhill; (f) there is 
severe disease with persisten- sinus rhythm; (g) 
there are emboli in the absence of atrial fibrillation; 
and (h) the clinical picture resembles mitral stenosis 
but a systolic apical murmur is frequently heard. 

Right atrial myxomas are less common in the 9 
cases of atrial myxomas in children previously re- 
ported in the literature. In cnly 2 cases did the 
lesion arise from the right atrium. Right atrial 
myxoma is suggested: (a) in isolated tricuspid valve 
disease; (b) in unusual cases cf right heart failure; 
(c) when there are postural symptoms; and (d) in 
cases with recurrent pulmonary emboli—Eugene С. 
Klatte, М.Р. 
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Sommer, Arno W., and Stevenson, CHARLES 
L. Hiatal hernia; an evaluation of diagnostic 
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procedures. 4m. $. Digest. Dis., 1961, б, 
412—422. (Address: A. W. Sommer, Scott and 
White Clinic, Temple, Tex.) 


The diagnosis of hiatal hernia was made on 137 
patients during a period of thirty months. It was 
recorded as a clinical reason for examination in only 
68 of these patients. 

Of the 137 patients, 68 had hernias 4 to $ cm. in 
size (small); 55, 6 to 7 cm. (medium); and 14, 8 cm. 
or larger (large.) The sliding type of herniation was 
observed 129 times, while the paraesophageal (eccen- 
tric) type was demonstrated only 8 times. Seventy- 
four of the patients were men, 63 were women. The 
ages ranged from thirty-six to eighty-three years, 
the average being sixty. Eighty-one per cent of the 
patients were between forty and sixty-nine years of 
age. Women who were examined less than one year 
post partum were excluded from the study. 

The diagnostic procedures carried out were barium 
swallowing with bota fluoroscopy and roentgenog- 
raphy in: right anterior oblique recumbent position 
(roentgenograms); Trendelenburg position (fluoros- 
copy and roentgenograms); and angle board posi- 
tion (roentgenograms). In only 37 of the patients 
were the findings positive for herniation at the eso- 
phageal hiatus by all roentgenologic methods. Study 
of the esophagus while the patient was swallowing 
barium enabled a diagnosis of hiatus hernia in 44 of 
the 137 instances. A comprehensive table is given 
listing the findings with the four methods of ex- 
amination in the 137 patients. 

There is a detailed description of the angle board 
technique used, with the angle being 34 degrees. 

The authors conclude that the hernias are best 
demonstrated if the stomach contains a moderate 
amount of barium and that, regardless of the four 
methods used, insufficient barium frequently re- 
sults in failure to reveal herniation. A hiatal hernia 
associated with a high transverse stomach is diffi- 
cult to visualize by any method. The angle board 
technique yielded very good results and has now 
been adopted as a routine procedure for detecting 
hiatal herniation. . 

In the conclusion the authors state that large 
hiatal hernias can be demonstrated by all diagnostic 
methods; no one diagnostic procedure can be relied 
upon to reveal small hernias; examination of the 
patient in the upright position is of little value for 
visualizing hiatal herniation; and the highest diag- 
nostic accuracy results from the use of the angle 
board technique.—C. Peter Truog, M.D. 


Ехтом-Ѕмітн, A.N., and Ossorne, С. Barium 
studies in the aged. Brit. M. FJ., 1961, 2, 
1799-1802. (From: Whittington Hospital, 
London, England.) 


As the possibility of treatment in the field of 
geriatrics increases, more and more elderly patients 
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are submitted to roentgenologic examinations. Ad- 
ministration of barium meals and enemas may be 
difficult in such patients. The authors have reviewed 
a serles of 102 barium meal and 46 barium enema 
examinations to determine in how many the results 
were of practical value and in how many they were 
merely of academic interest. All the patients were 
seventy or more years old, the oldest ninety-three 
years. 

The authors conclude that the barium meal 
examinations were surprisingly valuable. On the other 
hand they feel that the number of barium enema 
examinations might well be reduced, particularly in 
view of the distressing preparation involved and the 
occasional complications that occur. They are in- 
clined to agree with Haggie's conclusions that it is 
highly improbable that a patient complaining only 
of colonic symptoms, without blood in the stools and 
showing no abnormal physical signs and no ab- 
normality on rectal examination or sigmoidoscopy 
will be found to have carcinoma of the colon if a 
barium enema is given—/4. E. Childe, M.D. 


Marsuak, Ricard H., and Exiasopy, Joan. 
Inflammatory lesions of the small bowel sec- 
ondary to colonic diverticulitis. 4m. 7. 
Digest. Dis., 1961, б, 423-428. (Address: 
R. H. Marshak, 1075 Park Ave., New York 
28, N. Y.) 


The authors report 3 cases of sigmoid diverticulitis 
in which roentgen-detectable alterations in the small 
intestine were observed. 

Case 1 was a man fifty-three years of age who had 
repeated episodes of dull, aching, left lower quadrant 
pain over a period of several years. Barium enema 
examination during one of the episodes revealed a 
few diverticula associated with mild spasm in the 
sigmoid. There was no evidence of an extrinsic mass 
or perforation. The remainder of the colon was nor- 
mal. Because the diverticula appeared quiescent, a 
small intestinal series was performed. The pertinent 
findings wete limited to a short 4 cm. segment of 
distal jejunum adjacent to the sigmoid. The lumen 
was moderately narrowed and the mucosal folds 
were slightly thickened and distorted. The jejunum 
in this region was fixed in position and maintained a 
constant relation to the sigmoid, separated by 1 cm. 
of intervening soft tissue. The jejunum proximally 
was slightly dilated. The alterations were inter- 
preted as being due to pericolitis occasioned by 
diverticulitis, with secondary involvement of a seg- 
ment of the jejunum. After two weeks of antibiotic 
therapy, a repeat small intestinal series revealed no 
abnormalities. 

Case п was a female sixty-eight years of age who 
had severe left lower quadrant pain with fever and 
distention of the abdomen. A plain roentgenogram 
of the abdomen revealed slight small intestine dis- 
tention; air and fecal material outlined portions of 
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the colon. Barium enema examination demonstrated 
narrowing of the sigmoid for about 5 cm. with a 
moderate number of diverticula in this region. The 
mucosal folds in this area were distorted and thick- 
ened. There was some rigidity of the medial wall of 
the sigmoid with evidence of extrinsic pressure, in- 
dicating a mass, Adjacent to the pericolonic mass, 
small-intestine loops were visualized (because of re- 
flux through the ileocecal valve), showing slight 
narrowing of the lumen, increased secretions, thick- 
ening and blunting of the folds and a relatively fixed 
position. Their impression was sigmoid diverticulitis, 
abscess formation and secondary inflammation of 
several loops of adjacent small intestine. 

Case ш was a fifty year old female with repeated 
attacks of left lower quadrant pain, fever, tenderness 
and a palpable mass in this region. Repeated barium 
studies revealed narrowing of the sigmoid lumen, 
numerous diverticula, thickening of the mucosal 
folds, irritability and spasm. A small intestine 
series had never been performed. After several fur- 
ther episodes of diverticulitis, a repeat barium enema 
study was done. At this time, barium entered the 
jejunum via a fistula from the sigmoid. The sigmoid 
itself was spastic, irritable and narrowed and showed 
thickened mucosal folds. The diverticula were again 
demonstrated. After a diversion colostomy, the 
fistula was resected, the jejunum repaired and finally 
the inflamed sigmoid removed. 

Roentgenograms showing the changes described 
in each of the patients are reproduced.—C. Peter 
Truog, M.D. 


SmuLewicz, Jacos, and Epstein, BERNARD S. 
Radiologic changes associated with acute 
pseudomembranous enterocolitis. Radiol. 
clin., 1961, 30, 110-117. (From: Department 
of Radiology, The Long Island Jewish Hos- 
pital, New Hyde Park, Long Island, N. Y.) 


The authors report 6 patients who came to 
necropsy. There is an attempt to correlate the 
roentgenologic changes with the clinical picture. 
Previous gastrointestinal surgery had been per- 
formed in 4 of the patients and all of them had re- 
ceived antibiotics, such as achromycin, erythromycin 
and terramycin in therapeutic doses. The patients 
had received this medication for a period of four to 
ten days. 

Acute pseudomembranous enterocolitis is usually 
characterized by a sudden, rapidly progressive and 
overwhelming shock with fatal termination. Vomit- 
ing, distention, oliguria and a variable diarrhea 
appeared. The diarrhea may be relatively late in 
onset and is sometimes absent. Although abdominal 
cramps may be severe, nontenderness to palpation is 
present. There is difficulty in distinguishing this 
condition from postoperative intestinal obstruction, 
peritonitis or ileus. A mild form with a distinctly 
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lower mortality, and which may go unrecognized, 
also exists. 

The pathologic changes due to acute pseudo- 
membranous enterocolitis occur most often in the 
ileum and colon, less so in the jejunum, and infre- 
quently in the duodenum and stomach. Diffuse 
bowel dilatation, hyperemia of the serosa, together 
with a fibrinous, loosely adherent light or dark mem- 
brane, overlying eroded, congested mucosa in plaques 
or as an extensive coating over several feet of intes- 
tine are the principal alteratiors. Microscopic ex- 
amination discloses absent or necrotic mucosa and a 
fibropurulent exudate forming a loosely adherent 
membrane, within which bacterial colonies may be 
identified. The submucosa becomes edematous, hy- 
peremic and infiltrated, while the muscular coats 
present a variable degree of inflammation and 
necrosis, 

The 2 nonsurgical patients were a nine year old 
girl with acute lymphatic leukemia and a seventy- 
six year old female. The elderly lady had azotemia 
due to nephrosclerosis. 

'The 4 patients operated upon had surgery because 
of intestinal obstruction due to carcinoma of the 
ascending colon in 1 and diverticulosis in 2 others. 
The fourth patient had an oophorectomy as a 
palliative procedure for breast carcinoma. This pa- 
tient also had diffuse peritoneal metastases at the 
time of surgery. 

The predominant roentgenologic change seen in 
all 6 patients was diffuse small bowel distention to- 
gether with a lesser degree of colonic dilatation. In 
2, a definite ladder pattern with fuid level was pres- 
ent and the clinical as well as the roentgenologic 
diagnosis was slanted toward small bowel obstruc- 
tion. In 2 others the changes were attributed to 
postoperative ileus and peritonitis. In the remaining 
2, the changes observed on the scout abdominal 
roentgenograms were minor, ever. though extensive 
disease was found at necropsy. 

The authors believe that while pseudomembranous 
enterocolitis may occur without previous surgery, it 
is seen more often in postoperative patients. Bowel 
obstruction may be a predisposing factor. The role 
of antibiotic medication in the production of this 
disease still is not established conclusively but there 
is much evidence that supports its significance. 
The roentgenologic manifestations are nonspecific 
and reflect a widely variable ileus so pronounced in 
some as to simulate small intestinal obstruction. 

The authors conclude that thers is no correlation 
between the extent and severity of the disease and 
the roentgenologic pattern of gaseous bowel dilata- 
tion.—C. Peter Truog, M.D. 


ANTOINE, M., Manctaux, M., Privor, J., and 
DE Kersauson, M. C. (Narcy, France.) La 
radiologie du тёвасбіоп congénital. (Radi- 
ology of congenital megacolcn.) F. de radiol., 
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d'élecirol., et de méd. nucléaire, Маг.-Арг., 
1961, 42, 101-108. 


The authors stress the neurogenic etiologic factor 
in congenital megacolon. They also stress the im- 
portance of ruling out megacolon secondary to other 
causes. 

A ganglionic dystonia, a term proposed by Laur- 
ence, describes the histologic basis for the diagnosis 
of this condition, which is a disorder of the neuro- 
vegetative system. There is a striking decrease or 
total absence of the cells of the visceral ganglia at the 
level of the involved segment. Tissue biopsy for 
confirmation of the diagnosis is imperative. At times, 
the tissue may have been removed from above or 
below the involved segment. Thus a negative biopsy 
report may be misleading. 

The following gives the localization of the involved 
segment, and incidence of frequency: lower rectum, 
38 per cent; lower and upper rectum, 48 per cent; 
rectosigmoid, 12 per cent; rectosigmoid alone or 
lower rectum and rectosigmoid, 2 per cent. 

The characteristic clinical finding in this type of 
megacolon is stubborn constipation, yielding only 
to violent laxation. This is followed by copious 
evacuation of fetid fecal material. There is abdominal 
distention, quite prominent in the upper epigastric 
region, disturbance of the general state of health of 
the patient, and retarced growth. While this syn- 
drome is ordinarily noted in older children, it may be 
observed in infants as early as nine months. 

In the authors’ series of 12 cases, 9 patients fitted 
into the above picture. There were 5 infants between 
the ages of four and eleven months and there were 4 
children four, nine, fourteen and sixteen years of age, 
respectively. 

'The authors stress the importance of roentgeno- 
logic studies in determining the localization as well 
as the extent of coloric involvement. The plain 
roentgenogram may reveal massive dilatation with 
fluid levels in the upright position which may be er- 
roneously interpreted as evidence of obstruction. 
Barium studies more dramatically show the extent of 
dilatation of any given segment of the colon as well as 
the point of differentiation between the involved seg- 
ment and the normal.—/7 iliam H. Shehadi, M.D. 


HILLEMAND, P., MIALARET, J., and BOUTELIER, 
D. (Paris, France.) Exclusion duodénale et 
ostéomalacie des gastrectomisés. (Duodenal 
exexclusion and osteomalacia in gastrecto- 
mized patients.) Presse méd., Mar. 22, 1961, 
69, 627-630. 

Contrary to the commonly held opinion, the au- 
thors think that osteomalacia is a frequent sequel to 
gastrectomy, especially in female patients, and its 
severity is in direct proportion to the duration of sur- 
gical exclusion of the duodenum. 

A sixty-five year old female was hospitalized for 
steatorrhea, osteoarticular pains, marked loss of 
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weight and tenacious osteomalacia developed during 
a nine year period after subtotal gastrectomy (two- 
thirds of the stomiach had been resected with exclu- 
sion of the duodenum). Surgical re-establishment of 
the duodenal circuit (the afferent jejunal loop was 
anastomosed to the second portion of the duodenum, 
thus establishing a gastrojejuno-duodenojejunal con- 
duit) was effective in bringing about clinical recovery 
(except for steatorrhea) in nine months and healing 
of the osteomalacia in twenty-two months. This heal- 
ing was remarkable in that all other therapeutic 
measures applied before had failed. No calcium ther- 
apy was instituted after the surgical re-establishment 
of the duodenal circuit, and this in spite of the per- 
sistence of steatorrhea. Hence, the authors point out 
the importance of the duodenum for the absorption 
and utilization of calcium. 

A review of various theories as to the pathogenesis 
of osteomalacia after gastrectomy is presented and 
the prime importance of exclusion of the duodenal 
circuit is stressed.—Firair N. Sarian, M.D. 


Norman, ALEX, and SaGHATOLESLAMI, MEHDI. 
Oral extrahepatic cholangiography: a simple 
.reliable technic. Radiology, May, 1961, 76, 
801-804. (Address: A. Norman, Hospital for 
Joint Diseases, 1919 Madison Ave., New 
York 35, N. Y.) 


The purpose of this paper is to present a technique 
of "complete" oral cholecystography that will visual- 
ize the entire biliary system with the aid of a syn- 
thetic cholagogue and no adjuvant drugs. The 
method of the examination is reviewed, stressing the 
importance of the right posterior oblique view in the 
determination of contractility, with the roentgeno- 
gram taken ten minutes following the fat meal as be- 
ing the most significant for "complete" oral chole- 
cystocholangiography. Anatomical and physio- 
logically the right posterior oblique view of the gall- 
bladder is more correct since the cystic and common 
ducts assume a more dependent position in relation 
to the gallbladder allowing for better diffusion of the 
heavier bile-contrast medium toward the neck of the 
gallbladder and into the extrahepatic ducts, facilitat- 
ing the escape of gas from the more dependent right 
colon toward the splenic flexure or distal colon and 
anatomically affording better exposure of the extra- 
hepatic duct svstem. 

The importance of “complete oral cholecysto- 
cholangiography" in localizing calculi in the extra- 
hepatic ducts is apparent. Of equal value are: deter- 
mination of anomalies of insertion of the cystic duct; 
localization of obstruction in the biliary duct; evalua- 
tion of disease of the head of the pancreas; and 
lastly the defining of lesions about the ampulla and 
second part of the duodenum. By the technique de- 
scribed, extrahepatic duct visualization was obtained 
in 85 per cent of тоо examinations.—J alter Н. 
Jarvis, Fr., М.Р. 


Abstracts of Radiological Literature 


221 


KAPLAN, ALLAN A., Trairz, James J., MITcHEL, 
SraNLEY D., and Brock, Arvin L. Percu- 
taneous transhepatic cholangiography. ял. 
Int. Med., 1961, 54, 856-869. (Address: А. A. 
Kaplan, 1674 Meridian Ave., Miami Beach 
39, Fla.) 


The merits of this procedure which, with relative 
safety and accuracy, differentiates between hepato- 
cellular jaundice and obstructive jaundice are dis- 
cussed and the technique is explained in some detail. 
The indications are listed and the list is expanded to 
include elucidation of the structure of the biliary tree 
in cases of suspected congenital biliary atresia. The 
cholangiogram in such patients may demonstrate the 
lesion, and, further, indicate whether the proximal 
biliary radicles are of a caliber to permit corrective 
surgical anastomosis with the gut. 

In preparation, after evaluation of the coagulation 
mechanism, the fasting patient is premedicated and 
the injection site just below the midcostal margin is 
infiltrated with 2 per cent xylocaine through .all 
layers into the liver capsule. A six inch 18 gauge 
spinal needle with stylet is introduced into the liver 
to a depth of four inches at an angle of 45° cephalad 
in the sagittal plane. The stylet is removed and plas- 
tic tubing connects the needle and a syringe. Gentle 
suction is applied to the syringe and the needle is 
slowly withdrawn during normal respiratory pauses 
until bile is aspirated. As much bile as possible is re- 
moved and 29 ml. of 7o per cent urokon sodium is 
introduced into the bile radicle. Cholangiograms are 
obtained and, finally, as much of the opaque medium 
and bile as possible is again aspirated to decompress 
the system. At this point, if desired, a No. 50 plastic 
catheter can be introduced into the biliary tree for 
further decompression. The aspirated bile may be 
cultured and examined histologically. If a vessel is 
entered, the needle is partially withdrawn and the 
system flushed. When, after four attempts, a biliary 
radicle is not entered a liver biopsy is done immedi- 
ately without fear of creating bile peritonitis since it 
may be assumed that no dilated biliary radicles are 
present. 

The procedure was employed 40 times and the 
biliary tree demonstrated in 30 of these patients. Of 
the 10 patients whose biliary system was not opaci- 
fied, 8 had hepatocellular jaundice. The 2 “diagnostic 
failures" were eventually shown to have disease due 
to obstruction, but the accuracy of the procedure is 
of the highest order. 

There was no mortality due to the procedure. 
Eight patients noted moderate pain after needle 
withdrawal. However, 4 developed signs of marked 
bile peritonitis and were immediately operated upon. 
All of these showed localized chemical peritonitis. 
There were no hemorrhagic complications. It is em- 
phasized that immediate surgery should be available, 
if needed. 

The procedure, as planned, provides either a 
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graphic demonstration of biliary obstruction or a tiz- 
sue diagnosis of hepatocellular disease. In the inte-- 
est of safety the importance of decompression of tre 
biliary tree is stressed. Puncture is contraindicated 
in the presence of a significantly impaired coagulz- 
tion mechanism. The use of flexible plastic tubing m 
the system makes hepatic laceration unlikely. 

It is interesting to note that patients with seve-e 
pruritus obtained almost immediate relief with d2- 
compression of the biliary tree. 

Six illustrative case histories with reproductions 5f 
roentgenograms conclude the paper.— Jack Reynolas, 
M.D. 


Lecer, Lucien. Images de dilatation du canal 
de Wirsung; essai de classification. (Visa- 
alization of dilatation of the canal bf 
Wirsung; an attempt at classificatior.) 
Presse méd., Mar. 22, 1961, 69, 631-633. 
(From: Clinique chirurgicale de l'Hópital 
Cochin, Paris, France.) 


At present, three combined surgical and roentgeno- 
graphic methods for exploration of the pancreas are 
possible: (1) transpancreatic puncture of the duct of 
Wirsung, (2) descending pancreatography following 
section of the pancreas, and (3) catheterization 
through the ampulla of Vater. The author has been 
able to catheterize without section of the sphinc-er 
of Oddi, which is less traumatic than catheterization 
after section of the sphincter. Catheterization is a so 
an effective therapeutic measure for drainage of the 
pancreatic secretion. Transpancreatic puncture of 
the duct of Wirsung, when possible, gives the most 
complete and clear roentgenographic visualization of 
the duct and canaliculi of the pancreas. 

The canal of Wirsung is not always uniformly di- 
lated; hence, the author attempts the follow:ng 
classification: (1) total dilatation of the canal of 
Wirsung and its principal tributaries; (2) dilataton 
of the cephalic part of the pancreatic duct which may 
be cylindrical or globular in form, the latter simulat- 
ing a pseudocyst; (3) bipolar dilatation of the pan- 
creatic duct (most probably due to narrowing of ће 
pancreatic duct in the isthmic portion, which woald 
also explain the prevalence of pancreatic calculi in 
this region); (4) dilatation of the canal of Wirsung 
at the body and caudal portions of the pancreas; end 
(5) pseudocysts of the pancreatic duct, which most 
probably are sequelae of necrotic foci within the 
pancreas and which are usually small and discrete 
and can be demonstrated only by pancreatography. 

The author has not been able to correlate these 
dilatations chronologically or logically as to se- 
quence. However, determination of the type of surgi- 
cal treatment is influenced by these roentgen findings 
of different dilatations.—Firair N. Sarian, M.D. 


Micuet, J. (Tours, France.) Etude radiologique 
de la mucoviscidose du pancréas. (Radio- 
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logic study of mucoviscidosis ef the pan- 
creas.) J. de radiol, d'électrol. et de méd. 
nucléaire, Mar.-Apr., 1961, 42, 114-121. 


Mucoviscidosis of the pancreas (fibrocystic dis- 
ease) has become a rather frequently diagnosed dis- 
ease as a result of the works of Schwachmann in the 
United States and Lelong in France. During a period 
of five years the auchor studied 22 cases. All but 4 
were examined roentgenologically. These 4 patients 
died soon after admission and the diagnosis was con- 
firmed on autopsy. 

'The 18 patients who were observed for varying 
lengths of time presented the following striking find- 
ings: (1) frequent, though tardy appearance of diges- 
tive disturbances; (2) predominance and rather con- 
stant early respiratory difficulty; and (3) high sus- 
ceptibility to infection. 

The roentgenographic studies included routine 
posteroanterior and lateral films. Fluoroscopy, occa- 
sionally done, confirmed the roentgenographic find- 
ings. Laminagraphy was, at times, performed. Bron- 
chography should, however, be discouraged. In one 
moribund patient, with bronchiectasis, bronchogra- 
phy precipitated acute respiratory insufficiency 
which finally improved under oxygen therapy. 

The striking clinical signs and symptoms are respir- 
atory distress appearing early within the first few 
weeks or months of life, at the latest, toward the end 
of the first year. Ccugh, dyspnea on effort, paroxys- 
mal dyspnea, eventually continuous dyspnea and 
cyanosis occur; bronchopulmonary infection is fre- 
quent and is followed by bronchiectasis. 

The roentgen findings include accentuation and 
thickening of the lung markings throughout both 
fields, segmental or lobar atelectasis, localized or dif- 
fuse pulmonarv infiltration, prominence of the hilar 
shadows and eventually emphysema. Cor pulmonale 
develops with marked cardiac enlargement. 

Sections of the lungs, after death, reveal obstruc- 
tion of the bronchi by mucopurulent plugs and con- 
gestion of the bronchial mucosa. 

While the pulmonary changes are the most striking 
roentgen findings, of considerable interest are 
changes in the abdomen which include meconium 
ileus and meconium peritonitis. 

Of the 105 cases observed by Schwachmann 
through a seventeen year period, there were 10 
deaths. Many, however, were not until a lapse of six 
to twelve years. Of 95 living children, 47 were im- 
proved as compared with their initial status, 27 re- 
mained stationary and 21 were worse. Forty-one 
lived beyond ten years and 1 lived beyond twenty- 
two years. Ten had meconium ileus which was sur- 
gically treated. 

While the disease is recognized to be quite serious, 
these statistics indicate that the patient may live for 
many years. This thesis has been stressed by Amer- 
ican workers and in alarge measure is contrary to the 
general thinking of French students of this subject. 
—Milliam Н. Shekadi, M.D. 
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Heacy, Frep C., and Swartz, Donan P. 
Localizing the placenta with radioactive 
iodinated human serum albumin. Radiology, 
June, 1961, 76, 936-944. (Address: F. С. 
Heagy, 346 South Street, London, Ont., 
Canada) ~ 


Localization of the placenta is important in the 
management of the obstetric patient with third tri- 
mester antepartum bleeding. After excluding other 
causes of bleeding, the authors studied 42 patients 
to attempt localization of the placenta, and espe- 
cially to rule out placenta previa. The method used 
was to inject 3 uc of radioactive iodinated human 
serum albumin into the antecubital vein, and fifteen 
minutes later determine the activity rates over the 
abdomen using the precordium as a standard. The 
thyroid was blocked bv using Lugol's solution for 48 
hours previously, or for 2 weeks afterward, Counting 
rates were done with a scintillation counter at a right 
angle to the skin, and in a horizontal position lat- 
erally. 

In 15 of the 42 patients placenta previa was sus- 
pected, and isotopic examination suggested that 2 
of them might have placenta previa. Both of these 
were confirmed as having partial placenta previa. In 
5 of the patients studied the fetus had died in utero. 
In 2 of these there was no area of increased activity, 
butin 3 there was, suggesting a functioning placenta. 
The observation that the placenta may continue to 
function after fetal death is relevant to the theory of 
afibrinogenemia production in cases of retained dead 
infants. 

It is stressed that the pattern of counts is the most 
important factor in actempting localization of the 
placenta. A uniformly low count suggests a midline 
posterior location, or else nonfunction. The amount 
of radiation to the mother is estimated to total less 
than 100 millirads, and less than 4 millirads to the 
infant. If Lugol's solution is used, there should be no 
localization of I3! in the thyroid after the albumen 
breaks down, and there is of course no localization at 
once as the И® is attached to the albumen and stays 
in the maternal blood pool.—7. C. Moore, M.D. 


Hamill, GEeonGE C., JARMAN, JULIAN A., and 
Wynne, Morgan D. Fetal effects of radio- 
active iodine therapy in a pregnant woman 
with thyroid cancer. 4m. J. Obst. 69 Gynec., 
June, 1961, &7, 1018-1023. (From: Radio- 
isotope Section and Thyroid Clinic, Max- 
well, Ala.) 


Radioiodine therapy in millicurie dose ranges may 
be used in selected cases to inactivate functioning 
metastasis. This report may serve two functions; 
i.e., to show possible injurious effects of 1 on a 
fetus, and to illustrate eradication of functional 
cervical metastasis, fclhcular type, with systemic 
radiotherapy employing I". 
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A woman with functioning thyroidal cervical 
metastasis was treated with 77 mc of I3 when three 
months pregnant. A chemical protein bound iodine 
determination in the child at eight days of age estab- 
lished the presence of circulating thyroid hormone. 
The baby was born prematurely, weighing four and 
one-half pounds. During the first two months after 
birth, no evidence of cretinism was present, but 
hypothyroidism subsequently developed and the 
child was placed on oral thyroid extract at eighty- 
three days of age. The child had been well and had 
been maintained on oral thyroid extract for twenty 
months but then developed repeated convulsions 
which are at present under good control with ap- 
propriate medication. The dose received by the fetal 
thyroid may have been very great or very small. 
Ascertainment of the pregnancy status in all women 
prior to I?! is suggested.— Eugene ў. McDonald, 
M.D. 


Lewis, R. Н. Foetus in foetu and the retro- 
peritoneal teratoma. Arch. Dis. Childhood, 
May, 1961, 36, 220-226. (From: Llandough 
Hospital, United Cardiff Hospitals, Cardiff, 
Wales.) 


Foetus in foetu, a descriptive term attributed to 
Meckel, should be applied only to those rare cases 
where a parasitic twin is found included within the 
abdomen of its partner. Lord (1954; 1956) reported 2 
definite cases and reviewed other possible cases. 

In contrast, the variety of teratoma which occurs 
in the retroperitoneal space is much less defined. 
Many theories of origin have been suggested, with 
some authors contending that the teratoma repre- 
sents a form of included twin. Although this is now 
unacceptable, it has resulted in the description of 
many retroperitoneal teratomas in confusing terms. 

Willis (1958) pointed out the separate nature of 
the retroperitoneal teratoma and foetus in foetu, 
emphasizing that the former is a true tumor while 
the latter is not. However, as both conditions occur 
in the upper part of the retroperitoneal space, it is 
not surprising that terms such as “foetus in foetu," 
"parasitic twin," and "suppressed twin" have been 
misapplied to teratomas having a marked degree of 
differentiation and some foetiform characteristic. 

The purpose of this report is (1) to describe a fur- 
ther case where borderline pathologic features are 
present; (2) to discuss and compare briefly the pa- 
thology of foetus in foetu and retroperitoneal tera- 
toma; and (3) to discuss their symptoms, physical 
signs, diagnosis and treatment. 

Symptoms and signs are due to the pressure effects 
of the tumor, and while initially vague, become in- 
creasingly persistent as the tumor enlarges. This is 
especially so in the case of retroperitoneal teratoma 
where pressure effects tend to be more severe. 

Treatment is by surgical removal of the tumor 
without undue delay. Depending on the age and con- 
dition of the patient and the anatomic relations of 
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` the tumor, it may be considered advisable to remove 
the foetus only from within its sac. 

The potentially malignant nature of the teratoma, 
and of other similarly situated tumors when the diag- 
nosis is doubtful, calls for early operation.—Eugere 
7. McDonald, M.D. 


WELLS, JOSEPHINE, and STEER, СнАкгЕЗ M. 
Relationship of leukemia in children to ab- 
dominal irradiation of mothers during preg- 
nancy. Am. F. Obst. € Gynec., June, 1961, 87, 
1059-1063. (From: Department of Radiology 
and Obstetrics and Gynecology, College of 
Physicians and Surgeons, Columbia Univer- 
sity and the Radiological and Obstetrical and 
Gynecological Services of the Presbyterian 
Hospital in the City of New York, New York, 
N. Y.) 


The frequency of roentgen examination of the a>- 
domen during pregnancy in the mothers of a group of 
children who died of leukemia is compared with the 
frequency of such examination in the mothers of a 
control group of children. 

Among 77 mothers of children who died of leu- 
kemia, prenatal abdominal roentgen examination 
was carried out in 4, an incidence of 5.2 per cert. 
Among the 156 controls, abdominal roentgen exami- 
nation was carried out in 11, an incidence of 7.1 per 
cent. 

These £gures neither prove nor disprove a relation 
between roentgenographic examination of the abdo- 
men during pregnancy and the subsequent develop- 
ment of leukemia in the child. 

It 1s concluded that roentgen examination should 
continue to be performed during pregnancy in those 
cases in which clinical examination determines the 
need for it.—Enugene J. McDonald, M.D. 


GENITOURINARY SYSTEM 


Truc, E. Bétoutrkres, P., PaALEIRAC, R., 
and Henrret, К. (Montpellier, France.) 
L'examen radiologique dans les trauma- 
tismes du rein. (Radiologic examination in 
traumas of kidney.) F. de radiol., d'électrol. 
et de méd, nucléaire, Mar.-Apr., 1961, 42, 
93-100. 


The value of roentgenologic examination of tne 
urinary tract following injury to the thoracolumbar 
area is stressed by the authors. Their studies are 
based on 20 patients. 

The examination may be performed by the follow- 
ing methods: 

(1) The plain film method. This may reveal altera- 
tions in size and contour of the affected kidney or 
total loss of its shadow. It may also reveal changes in 
the adjacent bone structures, such as fracture of the 
ribs, vertebral bodies or their processes. There may 
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be accompanying distention of the intestines, due to 
ileus masking the urinary tract and adjacent bone 
structures. 

(2) Intravenous urography. This is the most impor- 
tant single roentgenologic examination. It may be 
performed immediately, within the first forty-eight 
hours, or as soon as the patient has recovered from 
shock. It may be repeated at intervals to determine 
the progress and changes which develop in renal 
function. Intravenous urography may reveal total 
loss of renal function, decreased renal function as 
evidenced by delayed or decreased excretion, or at 
times normal function. The value of delayed uro- 
grams, particularly where initial renal function is ab- 
sent or decreased, cannot be overemphasized. By 
means of excretion urography the function, but not 
the morphology, of the kidney is estimated. 

In one-third of the patients examined there was 
one-sided total loss of the renal function, immedi- 
ately following trauma, with return to normal in two 
weeks to six months. In 4 patients there was renal 
atrophy with progressive decrease in the size of the 
renal shadow and extent of the renal excretion. There 
was permanent, total loss of function in І case. 
Marked hydronephrosis, dilatation of one renal pel- 
vis with stenosis at the pyelocalcyceal junction and 
subcapsular extravasation of the contrast medium 
was noted, respectively, in 3 different patients. 

(3) Retrograde urography. This should be done 
with caution. The chief indication is total loss of 
function as evidenced by intravenous urography, 
where, based on clinical observation, surgical inter- 
vention is imperative. The chief advantage of this 
examination is that it delineates tlie anatomic status 
of the parts involved. It supplements but does not 
replace intravenous urography. In case of absence of 
renal function it is the only way in which the status 
of the ureter may be determined. 

(4) Retroperitoneal insufflation. Its indications are 
limited. It may be helpful in evaluating the extent 
of perirenal changes following hematoma or infec- 
tion. : 

There was total return of renal function to normal 
in 12 cases, while permanent damage persisted in the 
other 8 cases.—_ William Н. Shehadi, M.D. 


Hinman, Frank, Jr. Peripelvic extravasation 
during intravenous urography, evidence for 
an additional route for backflow after ure- 
teral obstruction. 7. Uro/., Mar., 1961, 85, 
385—397. (Address: 801 Heyburn Building, 
Louisville, Ky.) 


In 5 patients with ureteral obstruction, the author 
has noted extravasation of urine about the renal pel- 
vis and upper ureter during intravenous pyelogra- 
phy. Experimental observations on adult and infant | 
kidneys obtained at autopsy showed that contrast 
material injected under pressure permeated the con- 
nective tissue separating the calyx from the renal pa- 
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renchyma and was distributed around the renal 
papilla in the fornix. 

This is interpreted as evidence of a potential route 
for the spread of substances from the pelvis to the 
peripelvic region. The peripelvic connective tissue is 
relatively loose and infiltrated with fat which per- 
mits an anatomic route between the rim of the calyx 
and the renal hilus. ` 

Such extravasations are seen in retrograde pyelog- 
raphy and also occasionally in the obstructed ureter 
after intravenous injection of contrast medium for 
excretory pyelograpay. Observations indicate that 
intrapelvic pressures are reduced during the time of 
backflow. Once a backflow has been established, less 
pressure is required to maintain it and the increased 
tone of the renal pelvis probably plays a role in extra- 
vasation, since pelvic dilatation is absent or reduced 
in such instances. It is assumed that, in those pa- 
tients who show a nephrogram as a result of ureteral 
obstruction, an adequate route for backflow has not 
been established and the contrast medium remains 
in the renal tubules. Passage of a ureteral catheter in 
such a case produces an immediate pyelogram be- 
cause it releases the intrapelvic pressure and allows 
the medium in the tubules to pass into the renal pel- 
vis. In other instances in which fairly clear pyelo- 
grams are seen but no backflow can be detected, in 
spite of ureteral obstruction, the urine probably 
passes into the lymphatic or venous circulation and 
is not visualized on the roentgenogram. The appear- 
ance of extravasatel medium during intravenous 
urography in the presence of ureteral obstruction 
from calculi occurs quickly, while extravasation from 
abdominal compression of the lower ureters occurs 
`- over a somewhat longer period of time. 

` Fibrosis in the peripelvic and periureteral tissue 
could result from single or repeated urinary extra- 
vasation in the renal sinus. In some instances, a 
jelly-like material has been found in the retroperi- 
toneal tissue which has been ascribed to the foreign 
body reaction to sterile urine. In other such in- 
stances, interstitial infiltration of perirenal tissues in 
cases of chronic urinzry tract obstructions have been 
described. It is entirely possible that the end result 
of these processes is peripelvic and periureteral 
fibrosis.—George W. Chamberlin, M.D. 


Harrow, Вемеріст R., and SLOANE, Jack A. 
Pyelorenal extravasation during excretory 
urography. $. Urol., June, 1961, 85, 995— 
1005. (Address: В. К. Harrow, 2621 Bis- 
cayne Boulevard, Miami 37, Fla.) 


The use of the more radiopaque contrast media 
and ureteral compression for excretory pyelography 
has resulted in a number of observations of extra- 
vasation of opaque medium from the renal pelvis. 

The authors describe in detail a case of pyelosinus 
extravasation seen on intravenous urograms due to 
backflow of the medium in the renal sinus which sup- 


Abstracts of Radiological Literature 


225 


posedly was initiated by prolonged compression over 
the ureters. Arciform shadows, presumed to be due 
to arcuate vein infiltration, were shown to be in 
reality perivascular extensions of the pyelosinus 
backflow, In this instance, the diagnosis of renal neo- 
plasm was at first entertained but urograms ob- 
tained six months later were normal. 

Extensive pyelosinus extravasation occurred spon- 
taneously during excretory urography in 2 patients 
during episodes of renal colic. In these patients, the 
medium spread in the renal sinus and in the peri- 
renal fat outside the renal capsule. Pyelosinus back- 
flow, with extension in arciform shadows adjacent to 
the calyces and occasional extension into the lym- 
phatics, can be produced by prolonged compression 
during intravenous urography in a significant num- 
ber of cases. Actual pyelovenous reflux has rarely 
been shown at either excretory or retrograde pyelog- 
raphy, although it undoubtedly occurs occasionally 
during the latter.—George W. Chamberlin, M.D. 


Monaco, Horacio, O’Connor, Tomas Ер- 
UARDO, and Moureu, Ricarpo SANCHEZ, 
Desembocadura ureterovulvar en una mal- 
formación pieloureteral doble. (An ectopic 
ureterovulvar opening in a double ureter 
malformation.) Prensa méd. argent., Oct. 28, 
1960, 47, 2924-2927. (Address: Н. Monaco, 
Mansilla 2440, Buenos Aires, Argentina.) 


A case is presented of a congenital anomaly of the 
right kidney pelvis and ureter with an ectopic open- 
ing. The patient was a thirty-four year old female 
complaining of mild incontinence since childhood, 
On physical examination the authors observed an 
opening in the vulva which appeared to be excreting 
clear fluid. Intravenous and retrograde pyelograms 
revealed the presence of a single ureter and pelvis 
on the right. The pelvis was smaller than normal in- 
dicating that it corresponded only to the lower pole 
of the right kidney. There was also a double ureter 
on the left but with a normal single opening into the 
urinary bladder. 

A tentative diagnosis of a double ureter on the 
right with an ectopic opening into the vulva was 
made and confirmed at laparotomy. The ectopic 
(medial) ureter was observed to be dilated and a 
transplant of the ureter into the bladder was per- 
formed. 

The patient’s postoperative course was unevent- 
ful. The authors point out that catheterization of the 
ectopic opening is usually diagnostic but sometimes 
difficult or impossible to perform.—Cesar E. Rosa 
Perez, M.D. 


Portes, Warrer J., McDonatp, Donatp F., 
and HiwsHaw, J. Raymonp. A calibrated 
radiopaque Penrose drain. 7. Urol, Mar., 
1961, 85, 405-407. (From: Department of 
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Surgery and Division of Urology, Univer- 
sity of Rochester School of Medicine, 
Rochester 20, N. Y.) 


The authors point out the advantages of a Pen- 
rose drain which is radiopaque in order that it may be 
located when lost in the soft tissues and also cali- 
brated so that its length may be checked as it is ad- 
vanced from the wound. 

These drains have a characteristic red color and 
are impregnated with barium sulphate and cadmium 
solenide. They were tested for tissue reaction by im- 
planting them in the subcutaneous tissues of animals, 
with minimal tissue reaction resulting. The radio- 
pacity and the centimeter graduations were well 
maintained even after thirty-five days of implanta- 
tion. 

Radiopacue drains have been used in more than 
тоо patients during the past nine months without 
any unfavorable reactions. Multiple illustrations 
show the radiopaque nature and the photographic 
appearance of these drains.—George W. Chamberlin, 
M.D. 


GiousTREMES, Vassitios, Boyarsky, SAUL, 
and Newman, Harry R. Fatal air em- 
bolism following presacral air insufflation; 
occurrerce despite manometric control. $. 
Urol., Mar., 1961, 85, 381—384. (From: Divi- 
sion of Urology, Department of Surgery, 
Albert Einstein College of Medicine and 
Bronx Municipal Hospital Center, Bronx 61, 
М.Ү.) 


This is a case report of a sixty-four year old male 
patient who, after receiving 1,100 сс. of air injected 
under manometric control by the presacral route to 
the retroperitoneal area, went into coma, followed 
by cardiac standstill and, in spite of all attempts at 
resuscitation, died. 

Autopsy revealed air bubbles mixed with blood of 
the pulmonary vessels in the lung. The right ventricle 
was filled with foamy blood. No air was seen in the 
coronary vessels. There was a large renal carcinoma 
involving the left kidney and it is theorized that the 
large vessels over this tumor could have been the site 
of entrance of the air into the circulation. 

Experimentally, the authors found that, in the 
presence of obstruction to the egress of air from the 
second bottle, air is compressed until the flow of 
water from the first bottle is topped. At this point, 
release of resistance allowed a sudden rush of most of 
the air contained in the second bottle. At pressures 
of 100 cm. of water, the volume released was 135 cc. 
Retroperitoneal pressures had been found to be 10- 
I5 cm. of water and venous pressure is rarely over 20 
cm. of water. Thus, in the presence of a high degree 
of resistance in the retroperitoneal soft tissues and 
sudden release, the two-bottle manometric method 
of injection of air may cause as rapid an injection of 
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air as the syringe method. Unless the pressure in the 
system is adjusted low enough so that any trapping 
of air is prevented, manometric control is actually a 
misnomer. Should the gas enter the circulation, the 
rate of entry and the volume and solubility of the gas 
determine the outcome. Because of its high solu- 
bility, carbon dioxide :s the only gas which the body 
can remove rapidly enough under all conditions to 
prevent serious embolic phenomena. Massive doses 
of carbon dioxide, in animals and patients, have been 
shown to be safe. 

A review of the literature has shown that 58 fatal 
reactions and 68 near fatal reactions have been re- 
ported in the experience of 1,267 urologists. The inci- 
dence of severe reactions with oxygen is the same as 
with air. It is suggested that presacral injection of air 
should not be done in the presence of acute infec- 
tions, large renal or retroperitoneal tumors, or 
fascial plane malignancies. Carbon dioxide should 
be used in preference to oxygen, air, or helium.— 


George W. Chamberlin, M.D. 


ЅснмІрІАРР, Cari J., П. Respiratory (car- 
diac) arrest after retrograde pyelography 
with neomycin-containing medium. $. Urol., 
June, 1961, 85, 903-994. (Address: 99 Forest 
Avenue, Glen Cove, N. Y.) 


The author reports in detail an instance of respira- 
tory arrest following the use of 3 cc. of retrografin 
for pyelography. The total amount of neomycin in 
the retrografin was estimated as 50 to 7o mg. The 
patient was under general anesthesia with ether oxy- 
gen mixture. Sixty minutes after the retrograde in- 
jection of the radiopaque medium containing neo- 
mycin, apnea occurred with muscle flaccidity. No 
pulse, blood pressure, or heart beat was obtainable. 
Closed chest resuscitation was carried out for two 
minutes without benefit and then a thoracotomy was 
done. Cardiac massage was carried out, the peri- 
cardium was opened, end 5 cc. of 20 per cent calcium 
gluconate was injected into the left ventricle. The 
heart beat immediately improved, respirations were 
resumed, and the blood vessels in the wound began to 
bleed. The chest was closed and the postoperative 
course was uneventful. 

It has been shown experimentally that neomycin 
can cause neuromuscular blockade with a curare-like 
action and its effect is potentiated by ether anes- 
thesia. This curare-like action is antagonized by cal- 
cium and neostigmine. Increasing numbers of in- 
stances of respiratory arrest following the use of in- 
traperitoneally administered neomycin have been re- 
ported, usually occurring within twenty minutes 
after the injection. 

The series of events occurring in this case is similar 
to that in other cases of reported respiratory arrest 
occurring after peritoneal absorption of neomycin 
into the circulation. Rapid reversal of the process by 
the intraventricular injection of calcium also paral- 
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lels the clinjcal and experimental reports.—George 
W. Chamberlin, M.D. 


FErroN, Lester M. Should intravenous pyel- 
ography be a routine procedure for children 
with cryptorchism and hypospadias? $. 
Urol., Feb., 1959, 87, 335-338. (From: 
Department of Surgery (Urology), James 
Buchanan Brady Foundation of The New 
York Hospital and Cornell University Med- 
ical College, New York, N. Y.) 


In an attempt to evaluate the radiation hazards 
versus the useful and positive findings in the urinary 
tract of children with cryptorchism and hypo- 
spadias, the author has reviewed this subject with 
the following findings. 

In a series of 289 boys under the age of fourteen 
admitted to the hospital for cryptorchism, 61 under- 
went intravenous pyelography. Of the 61, 13.5 per 
cent showed major abnormalities and 6.5 per cent 
showed minor abnormalities of the urinary tract. 

Of 142 boys who had hypospadias, 36 per cent had 


intravenous pyelography performed and, of these, 9. 


per cent showed major abnormalities of the urinary 
tract. 

The cause of death was evaluated in 169 consecu- 
tive autopsies performed on boys between the ages of 
two and fourteen years. The author found that tu- 
mors and abnormalities of the urinary tract and the 
juxtarenal area accounted for 17 deaths in this 
group. In comparing these statistics, it is noted that, 
of the male patients with cryptorchism, 13.5 per 
cent had unsuspected urinary tract abnormalities, 
whereas in the routine autopsy series only 2.1 per 
cent had unsuspected urinary tract disease. 

The author summarizes these findings and indi- 
cates that a properly performed roentgen examina- 
tion, using the minimum number of exposures neces- 
sary and shielding the gonads to the best of the 
radiologist’s ability, is а proper and justified pro- 
cedure in the routine examination of patients with 
cryptorchism. In the group with hypospadias, there 
is less justification for routine intravenous pyelogra- 
phy. In most instances where both cryptorchism and 
hypospadias are present pyelography should be 
done.—George W. Chamberlin, M.D. 


Stevenson, J., MacGrecor, A. M., and Cox- 

. NELLY, P. Calcification of the adrenal glands 
in young children; a report of three cases 
жібу a review of the literature. drch. Dis. 
Childhood, 1961, 36, 316-320. (From: Uni- 
versity Department of Infectious Diseases, 
Ruchill Hospital, Glasgow, Scotland.) 


'The authors present 3 cases of bilateral adrenal 
calcification in infants (aged seven weeks, one and 
one-half years, and two years) which was incidentally 
found during care for other clinical conditions. None 
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of these cases showed clinical evidence of decreased. 
adrenal function and have continued in good health 
after recovery from the primary illness cared for. A 
slight degree of extension in the calcification was 
noted in the seven week old infant on serial roent- 
genograms. 

A general discussion of the causes of adrenal calci- 
fication is presented. The most frequent cause is 
thought to be hemorrhage at or about the time of 
birth. Prematurity, difficult deliveries and asphyxia 
seem to predispose to hemorrhage. 

Adrenal calcifications are usually found inci- 
dentally and are of little clinical importance. In 
some, definite signs and symptoms may be present 
in the form of increased response to infection or 
stress, focal or generalized epileptiform seizures pro- 
duced by hypoglycemia, and as classic Addison's 
disease with pigmentation.—George A. Miller, M.D, 


Nervous SYSTEM 


Svien, Henprix J., and Bager, HILLER L., 
Jr. Roentgenographic and surgical aspects of 
vascular anomalies of the spinal cord. Surg., 
Gynec. & Obst , 1961; 112, 729-735. (From: 
Sections of Neurologic Surgery and Roent- 
genology, Mayo Clinic, and the Mayo 
Foundation, Rochester, Minn.) 


The authors have reviewed 32 cases of such le- 
sions. They frequently cause alterations in the dy- 
namics of the cerebral spinal fluid in its total pro- 
tein and cellular content but measurement of these 
abnormalities may not suggest the proper diagnosis. 
Roentgenographic examinations are the only diag- 
nostic procedures by which the character and extent 
of a lesion may be determined accurately prior to its 
exposure at operation. Rarely do routine roentgeno- 
grams of the spine yield helpful information but posi- 
tive contrast myelography is usually diagnostic. 
They prefer to use 9 to 12 ml. of pantopaque in- 
jected by lumbar puncture with the patient in the 
prone position; often it is found useful to employ the 
oblique and supine positions as well, to outline the 
subarachnoid space more completely. 

Characteristically the vessels which comprise the 
vascular anomaly are visualized as negative shadows 
varying between I to 4 mm. in width, easily dis- 
tinguishable from the normal spinal arteries. Some- 
times these abnormal vessels are shown to involve 
the entire length of the spinal canal but in other 
cases more localized involvement is present. Occa- 
sionally a complete block to the flow of contrast 
medium is encountered and sometimes vigorous pul- 
sation of the abnormal vessels permits recognition of 
the arteriovenous character of the anomaly. Adhe- 
sive arachnoiditis and spinal cord tumors are usually 
easily differentiated. 

The authors have been unable to demonstrate up- 
per cervical lesions by angiography. Transosseous 
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venography outlines so many venous channels in 
thoracic lesions that it is impossible to distinguish the 
abnormal from the normal vessels and consequently 
this method of examination has not proven helpful. 
Cineradiography may record pulsations of the ves- 
sels not ordinarily visible by fluoroscopy. 

The authors’ experience with surgery in these 
cases parallels that in the majority of reports of rela- 
tively large series of cases. Decompression has very 
little to omer and both excision and ligation are 
fraught with dangers of cutting off the blood supply 
to other parts of the cord and of producing throm- 
bosis in the intramedullary vessels and aggravating 
symptoms. However, surgery is justified: (1) when 

there is persistent, intractable pain; (2) when there 
` js progressive neurologic loss with manometric and 
myelographic indication of subarachnoid block; and 
(3) when diagnosis of intramedullary hematoma is 
made.—4. E. Childe, M.D. 


Curtiss, PauL H., Jr., апа Соз, WILLIAM 
F. Spinal-cord tumor—a cause of progressive 
neurological changes in children with scolio- 
sis; a report of three cases. $. Bone & Foint 
Surg., 1961, 43-4, §17-522. (From: Divi- 
sions of Orthopaedic Surgery and Neuro- 
surgery, Department of Surgery, Western 
Reserve University School of Medicine, 
Cleveland, Ohio.) 


With neurologic disorders of the cord there may 
be a progressive scoliosis as seen in developmental 
defects of the nervous system, Friedreich’s ataxia, 
von Recklinghausen's neurofibromatosis, syringo- 
myelia or poliomyelitis. 

In previously reported cases of established scolio- 
sis which later developed paraplegia the etiology has 
included unequal growth of the dura and spinal col- 
umn, sudden increase in scoliosis, tight dural band, 
spur of bone, angulation of the cord or tightness of 
the nerve roots. 

Spinal cord tumor must also be considered and 3 
cases of intradural astrocytoma are presented. In 
each case there had been a diagnosis of poliomyelitis 
in childhood, followed by scoliosis and then progres- 
sive neurologic changes. Roentgenograms in 2 cases 
showed relatively slight scoliosis and interpeduncu- 
lar widening was not demonstrated. Myelograms in 
all cases revealed complete block. 

Intradural tumors should be suspected when there 
is a history of early transient neurologic deficit with 
later development of scoliosis and eventual progres- 
sive paresis thought due to mechanical cord com- 
pression.—Martha Mottram, M.D. 


Buicu, A. S. Diastematomyelia. Clin. Radiol., 
July, 1961, 72, 158—163. (From: Department 
of Radiology, Cardiff Royal Infirmary, 
Cardiff, England.) 


Diastematomyelia is defined as a congenital mal- 
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formation of the neural axis, characterized by a 
sagittal division of the spinal cord or cauda equina. 
Separating these two parts of the cord there miay be 
an osseous, cartilaginous or fibrocartilaginous sep- 
tum which is attached anteriorly to the body of one 
or more vertebrae, and either free posteriorly or at- 
tached to a neural arch. The commonest site of the 
lesion is in the dorsolumbar area, but it may occur 
elsewhere in the vertebral column. Over тоо cases 
have been reported in the literature. The author uses 
11 additional cases to illustrate the main roentgeno- 
logic features. 

There may be multiple congenital anomalies, such 
as block vertebra, missing pedicles and neural arch 
defects. The interpedicular distances are increased 
but there is usually no flattening or erosion of the 
pedicles,—this suggesting the congenital nature of 
the lesion. The spur or septum may be seen in the 
anteroposterior projection, but only if sufficient cal- 
cium is present to prcduce the necessary roentgeno- 
graphic density. ` 

Myelography will confirm the presence of a cen- 
tral spur or septum, appearing as a negative shadow 
within the opaque medium column. Myelography is 
also of value in the demonstration of two meningeal 
tubes when present. 

The author urges the necessity of considering the 
possibility of diastematomyelia wherever gross 
spinal anomalies are seen, especially in the dorso- 
lumbar area, and in the roentgen examination of a 
young child. The condition can produce severe disa- 
bility but if-diagnosed early enough surgery offers 
much relief —Samuel С. Henderson, M.D. 


SKELETAL SYSTEM 


VAN CANEGHEM, PIERRE, and ScHIRREN, CARL 
Georc. Uber den Einfluss der verwendeten 
Strahlenqualitát auf das Ausmass von 
Knochenwachstumsschádigungen bei Bes- 
trahlungen von Kiikenbeinen im Tarso- 
Metatarsal-Gelenk. (The influence of radia- 
tion quality on inhibition of growth by år- 
radiation of the tarso-metatarsal joints of 
chicks.) Strahlentherapie, Mar., 1961, 774, 
370-375. (From: Dermatologische Klinik und 
Poliklinik der Universitat, Miinchen, Ger- 
many.) { 

Irradiation of the tarso-metatarsal region of 48-: 
hour old chicks showed that growth inhibition is in- 
dependent of the quality of the radiation in the haf- 
value layer range from 1.8 mm. Al to 4 mm. Cu, and 
that gamma rays of radium inhibit growth to the 


same degree as roentgen rays.—Henry С. Moehring, 
M.D. 


Haves, Joan T. Cystic tuberculosis of the 
proximal tibial metaphysis with associated 
involvement of the epiphysis and epiphyseal 
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plate; a report of two cases. ў. Bone & Joint 
Surg., 1961, 43-4, 560-567. (From: Depart- 

.ment of Surgery, Section of Orthopaedic 
Surgery, University of Michigan, Ann Ar- 
bor, Mich.) 


Two cases of cystic tuberculosis involving the 
proximal tibial metaphysis, epiphyseal plate and 
epiphysis are reported in children aged two and six. 

In one case, the initial symptom was a painful knee 
and in the other a fluctuant mass in the left gastroc- 
nemius extending up to the popliteal space. In spite 
of specific drug therapy and immobilization the le- 
sions progressed; therefore, curettement was done. 
Pus giving positive cultures for tuberculosis, con- 
siderable granulation tissue and small sequestra were 
obtained. 

"Roentgenograms of both patients showed lytic 
areas in the tibial epiphysis and metaphysis which 
enlarged but did not involve the knee joint or erode 
the superior articular cortex. In the younger patient 
there was erosion of the posterior tibial cortex and 
abscess formation in the soft tissues. 

'The patients have had no growth disturbance in 
three and five and one-half years follow-up and sym- 
metric tibial growth has continued.—Martha Mot- 
tram, M.D. 


Brzzes, Н. Lesions osseuses des mycetomes du 
pied. (Osseous lesions of mycetoma of the 
foot) Presse méd., Mar. 25, 1961, 69, 1-4. 
(From: Service de Clinique chirurgicale de 

‘la Faculté de Médecine de Dakar, Sénégal.) 


Mycetoma is the most common fungus infection 
involving bony structures. Between 1956 and 1959, 
of 5o cases of mycetoma of the foot which were ex- 
amined by the.author, 29 showed osseous involve- 
ment (about 58 per cent). 

All of the bones of the foot can be invaded by all 
colors of granules of this fungus. However, the 
scaphoid, cuboid, cuneiform and metatarsal bones 
are the more susceptible ones. The roentgenographic 
findings are quite typical, even sometimes to the 
point of being diagnostic as to the color of granule of 
the fungus invading the bones. However, there are 
cases where the osseous involvement is discrete and 
not characteristic. 

. Ingeneral, a double process is involved. A destruc- 
tive and osteoporotic or osteolytic process is followed 
by reactionary healing or a condensing process with 
osteoperiostitis. Osteolytic processes can be noted in 
various forms, such as a honeycomb appearance of 
the bones, cyst formations of various sizes, foci of 
cortical destruction, moth-eaten appearance of the 
bones, and partial to complete dissolution or destruc- 
tion of bones without any sequestration. The healing 
or reactionary process will cause condensation of the 
bone and periosteal thickening, which at times may 
simulate a sarcomatous lesion. The metatarsals and 
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the phalanges may become filiform and undulated 
and, at times, extraordinary synostoses between the 
tarsal, metatarsal and phalangeal bones can be noted. 
: The author feels that further study would be nec- 
essary to be able to correlate the roentgenographic 
findings to the color of the granules of the invading 
fungus.—Firair №. Sarian, M.D. à 


VARADARAJAN, M. G. Actinomycosis of bone. 
Punjab М. F., x96Y то, 321—324. (From: 
Madras Medical College and Government 
General Hospital, Madras, India.) 


Bone involvement in actinomycosis is usually the 
result of direct extension from a primary infection of 
the soft parts. The author reports such a case. The 
patient gave a history of the disease beginning with 
a pustular lesion in the soft tissues of the left fore- 
arm; by a process of healing and extension the 
whole of the forearm, elbow, and lower half of the . 
upper arm had been covered with multiple pustular 
lesions in various stages of healing and activity. Ex- 
amination showed multiple sinuses exuding a pus- 
like secretion. There was also diffuse swelling of the 
whole upper extremity. 

Roentgenograms revealed multiple circumscribed 
areas of reduced density in the humerus, radius, and 
ulna due to bone destruction. There was also scler- 
osis of bone representing reaction to the infection, 
but the destructive process was more marked than 
the new bone formation.—Douglas S. Kellogg, M.D. 


Mackenzie, ALAN, Courr Brown, W. M., 
Dott, R., and Sissons, Н. A. Mortality from 
primary tumours of bone in England and 
Wales. Brit, M. F., 1961, 2, 1782-1790. 
(Address: W. M. Court Brown, Medical Re- 
search Council's Clinical Effects of Radia- 
tion Research Unit, Western General Hos- 
pital, Edinburgh, Scotland.) 


The authors have investigated the mortality at- 
tributed to primary malignant tumors of bone during 
1951—53 in persons under 65 years of age. They esti- 
mate that 597 deaths from primary bone tumors oc- 
curred in persons under 65 years of age in England 
and Wales during these three years with a minimal 
annual mortality of 6.3 per million in men and 3.9 
per million in women. 

The greatest mortality from tumors of the limb 
bones occurred in both sexes at ages of 15 to 19 years 
and at this age the ratio of the male to the female was 
at its maximum (2.1 to 1). The mortality from such 
tumors fell from the age of 20 to 34 years and then 
rose again from the age of 40 years. This increase: 
over the age of 40 years was largely due to tumors 
associated with Paget's disease. The mortality from 
tumors of the limb bones not associated with Paget's 
disease increased slowly between the ages of 35 and 
64 years and was equal in both sexes. 
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At the ages of 45 years and over there was a sharp 
increase in the mortality among men but very little 
increase among women. In the absence of Paget’s 
disease, the discrepancy was more marked. The male 
excess in this group was due principally to tumors 
of the ribs and shoulder girdle. 

The authors have been unable to find any signifi- 
cance in geographic distribution of bone tumor mor- 
tality in England and Wales.— 4. E. Childe, M.D. 


PnALEN, GEonGE S., and Dickson, James А. 
Spondylolisthesis and tight hamstrings. 7. 
Bone & Joint Surg., 1961, 43-4, 505-512. 
(From: Department of Orthopedic Surgery, 
The Cleveland Clinic Foundation, and The 
Frank E. Bunts Educational Institute, 
Cleveland, Ohio.) 


The association of tight hamstrings with spondylo- 
listhesis is uncommon. Tightness, spasm or contrac- 
ture of the hamstring muscles often accompanies: 
tumors of, or tumors that compress, the cauda 
equina; a contracted filum terminale; diastemato- 
myelia; large protruded disks; trauma; inflammatory 
lesions or advanced spondylolisthesis. 

Two cases are reported with well-marked spon- 
dylolistheses, Grade п and 1v of the sth lumbar 
vertebra an the sacrum. Both patients walked with 
a peculiar gait and had markedly limited forward 
flexion when standing. Straight leg raising was 
limited but unassociated with pain. There was severe 
spasm and tightness of the hamstrings, which kept 
the pelvis and trunk tilted backwards. 

Surgery showed an extremely taut sciatic nerve 
in one patient and stretched first sacral nerve roots 
in the other. The first patient had reoperation and 
the cauda equina was tightly stretched over the 
body of 51. Following decompression, both children 
have walked normally. Local measures to stretch or 
lengthen the hamstrings are not of value.—Mariha 
Mottram, M.D. 


CHILDE, ArTHER E., and Tucker, Е. R. Spon- 
dylarthritis in infants and children. 7. 
Canad. A. Radiologists, 1961, r2, 47-51. 
(From: The Children’s Hospital, Winnipeg, 
Manitoba, Canada.) 


Spondylarthritis is presumably an inflammatory 
process of the intervertebral disk occurring in in- 
fants and young children. No organism has ever been 
isolated. There are four main types of syndromes: 
(т) meningeal, (2) back pain, (3) abdominal pain, 
and (4) hip joint pain. The onset is fairly abrupt with 
low-grade fever, mild leukocytosis, and increase in 
sedimentation rate. Regardless of the type of ther- 
apy, the patients improve quite rapidly with com- 
plete clinical recovery. 

The roentgenographic changes are narrowing of 
the disk space with roughening and absorption of the 
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margins of the adjacent vertebral bodies. This usu- 
ally occurs in the low thoracic or lumbar region. 
Even after complete clinical recovery, disk narrow- 
ing with marginal sclerosis usually persists and, in 
some cases, there is bony fusion between the two in- 
volved vertebral bodies. 

This disease can usually be differentiated from 
Pott’s disease by a negative tuberculin test in a child 
who is not very ill. True osteomyelitis may also be 
excluded by the clinical course.—J7. C. MacCarty, 
Fr., M.D. 


VEspIGNaNl, L., and Zonar, G. Diagnosi artro- 
grafica del menisco discoide (4 casi). (Arthro- 
graphic diagnosis of discoid meniscus [4 
cases]. Radiol. med., Mar., 1961, 47, 208- 
218. (Address: L. Vespignani, Reparto Radio- 
logico, Ospedale Civile, Mirano, Venezia, 
Italy.) 

The discoid meniscus is a rare congenital anomaly 
in which the meniscus instead of having the normal 
semilunar form, is abnormally widg and presents the 
appearance of a more or less complete disc. The mal- 
formation affects the lateral meniscus more fre- 
quently. 

'The discoid meniscus is subject to more frequent 
rupture and cystic degeneration. 

The conventional roentgenologic examination of 
the knee does not provide conclusive criteria. 

The authors have used the Lindblom technique 
routinely, i.e. arthrography with a water soluble 
opaque contrast medium. They consider the method 
eminently satisfactory both because it is innocuous 
and precise diagnostically.—4. 4. Blasi, M.D. 


Broop AND LYMPH SYSTEM 


Roy, PAUL, Jurras, ALBERT, and LONGTIN, 
Marce. Extra large field angiography: tech- 
nique and results. ў. Canad. А. Radiologists, 
1961, 72, 27-35. (From: Department of 
Radiology, Hôtel Dieu de Montréal, Mon- 
tréal, Québec, Canada.) 


Ever since abdominal aortography and femoral 
arteriography were inaugurated, there has been a 
definite need for very large serial roentgenograms 
that would cover, in a single exposure, the whole 
abdomen and the lower extremities. The authors de- 
scribe an apparatus designed by them which ac- 
complishes these results. 

The reasons for the success obtained with this 
device are the following: (1) Simultaneous visualiza- 
tion of the entire arterial system of the abdomen and 
lower legs; (2) uniform roentgenographic density 
with very good detail and contrast; (3) minimum 
radiation exposure to the patient; (4) complete radi- 
ation safety for the personnel; (5) accurate timing 
and film exposure; and (6) easy handling and smooth 
performance of the examination. 


\ 
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In the preliminary planning of experimentation, 
the following elements were taken into account: 

1. The focus film distance in relation to the length 
and width of the anatomic surface to be covered, 
which was finally established at 76 inches from the 
table top. 

2. Optimum use of the dispersion properties of the 
anode in accordance with the notion which is re- 
ferred to as the “heel effect." The abdomen should 
be placed under the cathode side and the feet, which 
require less radiation, directed toward the anode 
side. 

3. Construction of a special cone adapted to the 
required shape of the roentgen-ray beam. The walls 
of this cone were sheathed with lead to cut off un- 
wanted radiation and it was made asymmetric with 
a more abrupt slope cephalad than caudad. 
` 4. Proper selection of antidiffusion grids. For the 
abdominal part, a 10:1 ratio grid was adopted. For 
the thighs, the ratio was reduced to 8:1. No. grid is 
employed for the legs and the feet where tissue 
volume is smaller. 

5. Adjustment of film sensitivity to thickness of 
anatomic parts. After repeated trials, the empirical 
formula agreed upon is as follows: (a) abdominal 
region: high speed screen film for stout patients, 
medium speed screen film for slender subjects; (b) 
femoral region: medium speed screen film for all 
patients; and (с) legs and feet: no screen film. 

6. Choice and position of intensifying screens. For 
the abdomen two high speed screens are used. For 
the femoral area only cne medium speed screen is re- 
quired. The film of the distal extremities is exposed 
without any screen at all. 

7. Construction of the 3-step filter. The filter is 
made of a very resistant aluminum alloy. It consists 
of three wedged parts, the thickest portions having a 
greater absorption power in the caudal direction. The 
filter is installed in a slit through the lead slab at the 
tube end of the localizing cone. Actually, the filter is 
the key element in the system. In its final state, the 
filter proved satisfactory after exacting an almost 
microscopic work. . 

8. Cassettes of nonstandard dimensions. A spe- 
cial cassette was designed measuring 51 inches by 
14 inches in which could be inserted three 17X14 


! inch roentgenographic films in an end-to-end ar- 


rangement. 

9. Automatic cassette changer. A series of four 
superimposed drawers were designed to carry the 
special cassettes described above. The bottoms of 
these drawers are lined with a layer of lead ¢ of an 
inch thick, These drawers move on rails. Before ex- 
amination they are all brought under the table where 
the patient lies. They are held in place by means of 
electromagnets. After each exposure, drawers are 
automatically released and pushed out of the way by 
weight traction and stored under a large lead panel. 
The lowest drawer is located 9 inches from the table 
top. The very long tube film distance (76 inches) and 
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the accurately collimated roentgen-ray beam elimi. 
nate distortion. The lowermost films and those from 
the top cassettes can be matched perfectly. 

то. Empirical establishment and subsequent codi- 
fication of roentgenographic factors. The authors 
have a technique chart which adapts readily to 
their requirements. Films are exposed at 2.5 seconds, 
* seconds, 1§ seconds, and 25 seconds after the begin- 
ning of the injection. Injection time is 2.5 seconds. 

тї. Radiation dose received by the patients, ab- 
sorption of the rays in tissues and their scattering in 
the neighborhood of a table. The skin dose was found 
to be between 440 and 550 mr, measured in the 
pubic region, depending upon the thickness of the 
patient. These figures compare favorably with the 
mean roentgen-ray dose resulting from barium enema 
examination or even intravenous urography. 

A fifteen month test of this equipment proved the 
unequivocal diagnostic efficiency and technical 
feasibility of these extra large field serial angiogra- 
phies. The equipment is certainly very ingenious 
and the reader interested in using it is referred to 
the original article.—7. C. MacCarty, Jr., M.D. 


Pepro-Botet, J. Utilidad diagnóstica de la 
esplenoportografia en el sindrome de Cru- 
veilhier-Baumgarten. (Diagnostic use of 
splenoportography in the Cruveilhier-Baum- 
garten syndrome.) An. med., Oct., 1960, 46, 
4197425. 

The Cruveilhier-Baumgarten syndrome is usually 
diagnosed clinically by the existence of visible 
venous varicosities in the periumbilical area, "caput 
medusae.” This finding indicates an abundant col- 
lateral circulation through the umbilical and peri- 
umbilical veins in cases of portal hypertension. 

The author reports a series of 98 splenoportogra- 
phies of which 4 revealed the presence of the Cru- 
veilhier-Baumgarten syndrome. Two of the cases 
were clinically diagnosed prior to the splenopor- 
tography. The other 2 were not diagnosed clinically, 
since there were no visible veins, and the diagnosis 
was established by splenoportography alone. 

'The author emphasizes the importance of spleno- 
portography prior to any surgical intervention for 
portal hypertension since, in his series, 5o per cent of 
the cases of this condition were diagnosed only after 
this examination was performed. 

The four cases of the Cruveilhier-Baumgarten 
syndrome are presented with reproductions of the 
splenoportograms and diagrammatic illustrations of 
the roentgen findings.—Cesar E. Rosa Perez, M. D. 


Piper, D. W. A radiographic study of the portal 
and hepatic venous systems in cirrhosis of 
the liver. Am. J. Digest. Dis., 1961, б, 499- 
&то. (From: Department of Medicine, Uni- 
versity of Sydney and Unit of Clinical In- 
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vestigation, Royal North Shore Hospital of 
Sydney, Sydney, Australia.) 


The vascular abnormalities present in cirrhosis 
are somewhat controversial as are the causes of some 
of the clinical findings. The author studied 12 
cirrhotic livers (etiology: 7, alcohol; 2, unknown; 2, 
hepatitis; and 1, hemochromatosis) and 6 normal 
livers by postmortem roentgenograms following in- 
jection of the hepatic and portal venous systems 
with bismuth oxyiodide. 

Eleven cases showed an abnormal hepatic venous 
system consisting mainly of distortion of the small 
veins and difficult filling of the hepatic venous sys- 
tem. Irregular caliber of the veins was present in 
some instances. The portal venous system was ap- 
parently normal in all cases. 

In this :imited series, there was no correlation be- 
tween the extent of vascular changes and the etiology 
of the cirrhosis or the clinical and laboratory findings 
present before death.—George A. Miller, M.D. 


AsscHER, A. W., Wilson, C., and Anson, 
SaLLv С. Sensitisation of blood-vessels to 
hypertensive damage by x-irradiation. Lan- 
cet, Mar. 18, 1961, г, 580-583. (From: The 
Medical Unit, The London Hospital, Ел, 
London, England.) 


'The authors studied the effects of irradiation and 
hypertension separately and together on a loop of 
rat mesentery to determine whether roentgen ir- 
radiation increased the sensitivity of mesenteric 
arteries to hypertension. 

They delivered 1,200 r to a marked, exteriorized 
loop of mesentery in each of 5o normotensive female 
rats and then restored the loop to the peritoneal 
cavity. They removed the left kidney and clipped 
the right renal artery at varying intervals ranging, 
from zero to four months after irradiation. The rats 
were killed one month after the renal artery was 
clipped. 

The control groups consisted of: (1) 12 rats with 
irradiated loops whose renal arteries were not 
clipped and whose mesenteries were examined two 
months after irradiation; and (2) 6 groups of то rats 
each which received doses to the mesentery ranging 
from 200 to 1,200 r and whose renal arteries were 
clipped one mouth later. 

Sensitisation of the mesenteric vessels to the 
damaging effect of hypertension was not evident 
until two months after irradiation with 1,200 r, and 
it continued for at least five months. The irradiated 
vessels appeared as thick cords with nodules pal- 
pable along their length in the animals which de- 
veloped hypertension. In this study enough time had 
not elapsed for the blood pressure to reach the high 
levels required to produce vascular lesions in the 
nonirradiated parts of the mesentery or in the other 
tissues. Irradiation alone did not produce these 
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lesions; the irradiated controls which did not have 
the right renal artery clipped did not have any 
lesions. The controls which received less than 1,000 r 
did not develop arterial lesions, even after four 
months. 

The authors conclude that two months after ir- 
radiation with 1,000 or 1,200 г the arterial wall be- 
comes more vulnerable to the damaging effects of 
increased intravascular pressure. 

The results of these experiments imply that, 
whatever the underlying mechanism, irradiation and 
raised intravascular pressure seem to be comple- 
mentary in their damaging effects on the arterial 
walls. This theory may be relevant to the delayed 
tissue necrosis which occasionally follows thera- 
peutic irradiation, and which is well known to be 
associated with arterial necrosis. We might expect 
the delayed tissue necrosis to arise with greater ease 
and frequency in hypertensive patients.—R. 7. 
Noveroske, M.D. 


Garcia, Nicgoras A., III, Мезон, James H., 
JR., Bernstine, Ricuarp L., Huston, J. 
WiLsoN, and GanTENLAUB, CHARLES. Find- 
ings on retrograde femoral arteriography in 
choriocarcinome. dm. J. Obst. & Gynec., 
Apr., 1961, 87, 706~710. (From: The Depart- 
ments of Obstetrics and Gynecology and 
Radiology of the United States Naval Hos- 
pital, St. Albans, N. Y.) 


The authors present a case demonstrating the oc- 
currence of arteriovenous fistulas in a patient with 
histologically proved choriocarcinoma. The fistulas 
were observed roenzgenologically within the area of 
a palpable pelvic mass. It was possible to demon- 
strate by arteriography the regression of the mass in 
response to amethopterin therapy. The changes in 
arteriographic findings were reflected by changes in 
the findings at pelvic examination as well as by the 
serum chorionic gonadotropin titers. 

It is suggested that retrograde femoral arteriogra- 
phy may prove useful in the diagnosis of tropho- 
blastic tumors where the wall of the uterus is in- 
volved deep to the endometrium.—Charles Н. 
Helmen, M.D. 


Jackson, Larrp, WALLACE, SIDNEY, SCHAFFER; 
Burton, Соор, JoHN, Kramer, Simon; 
and Weiss, ARTHUR J. The diagnostic value 
of lymphangiography. Ann. Int. Med., 1961, 
54, 870-882. (Address: A. J. Weiss, Associate 
in Medicine, Jefferson Medical College of 
Philadelphia, 1025 Walnut St., Philadelphia 
7, Pa.) 


The roentgenographic demonstration of the 
lymphatic system by intralymphatic injection of 
contrast material proves valuable not only diag- 
nostically, but as a guide to therapeutics. By refined 
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technique, the authors are able to opacify the retro- 
peritoneal lymph nodes and to delineate their 
architecture with a clarity which permits some pre- 
cision in the diagnosis of abnormalities. 

The method is briefly discussed and those inter- 
ested are referred to publications which describe the 
technique in greater detail. Attention is directed to 
the appearance of the lymphangiogram in the nor- 
mal and the abnormal, signs helpful in differentiating 
various diseased states and to the practical applica- 
tion of the knowledge gained. 

When bilateral injection is made in the foot with 
the oily contrast medium containing 37 per cent 
iodine, the lymphatics and lymph nodes of the leg, 
inguinal, external and common iliac, paraortic and 
thoracic duct region and supraclavicular area are 
visualized. Injection of lymphatics of the hand 
opacifies the lymphatics of the arm, axillary and su- 
praclavicular areas. The lymphatic ducts remain 
visualized for less than an hour in the normal. The 
lymph node architecture is best studied at twenty- 
four hours. Normal lymphatics are of fine caliber and 
course parallel to the veins. In lymphedema, hypo- 
plasia of lymphatics may occur; occasionally there 
is dilatation and dermal backflow (filling of skin 
lymphatics). The normal lymph node appears globu- 
lar or kidney-shaped and is about 1.5 cm in size, 
sometimes umbilicated at the hilus. There are several 
afferent vessels and fewer efferent. The internal struc- 
ture is that of an even reticular pattern. 

The appearance in the diseased state differs as to 
etiology: (1) In acute inflammation there is an in- 
crease in the number and size of visualized lymph 
nodes but they retain a normal peripheral contour 
and architecture, (2) Metastatic carcinoma pro- 
duces an increase in the number and size of visual- 
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‘ized lymph nodes and there are irregular filling de- 


fects at the margin of the lymph node giving a 
"moth eaten" appearance. Occasionally carcinoma 
may replace a lymph node and only the deviated 
lymphatic vessels reveal its presence. (3) Lymphoma 
produces large lymph nodes with a foamy or lacy 
pattern with preservation of the smooth outer 
margin. Within the lymphoma group there is a vari- 
ation which permits more refined diagnosis: (a) 
lymphosarcoma appears as a prototype, (b) Hodg- 
kin's disease is similar with the addition of scattered, 
punched-out areas of lucency in the center, (c) 
chronic lymphatic leukemia shows the basic pattern 
but with areas of increased opacity. 

Several case reports make clear not only the diag- 
nostic value of the procedure but its importance as a 
guide in treatment, Lymphangiography permits 
more exact localization of tumor site and delineates 
unexpected extension cf malignancy depicting ab- 
normal lymph nodes which may not be palpable. If 
injection is made prior to cancer surgery, a film ex- 
posed before closure may demonstrate remaining 
metastatic sites. It permits the evaluation of chemo- 
therapy and allows periodic reevaluation in the 
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asymptomatic patient, Ány modality which de- 
lineates retroperitoneal structures eases the problem 
of diagnosis of carcinoma of the pancreas and the 
authors allude to tentative signs which may aid in 
this difficult problem. 

The procedure has been assayed in 140 patients 
and no serious complications have resulted. The 
venous system may be entered as it was in 6 patients 
with resultant fever, cough and mild dyspnea due to 
pulmonary embolization. The symptoms were of 
brief duration.—7ack Reynolds, M.D. 


GENERAL 


Moraan, Russet, Н. The measurement of 
radiant energy levels in diagnostic roentgen- 
ology. Radiology, June, 1961, 76, 867-876. 
(Address: Department of Radiology, The 
Johns Hopkins Hospital, Baltimore 5, Md.) 


The biologic effects of repeated small doses of 
ionizing radiation have been the subject of con- 
siderable study in recent years. Irradiation of the re- 
productive system may cause mutations in succeed- 
ing generations, and irradiation of the hematopoietic 
system may lead to leukemia. Other biologic effects 
are known to occur as a result of chronic irradiation 
exposure but most of the current knowledge is more 
qualitative than quantitative. It is thought that 
through epidemiologic investigation it will be pos- 
sible to gain considerable understanding, both 
qualitative and quantitative, of the effects of chronic 
radiation exposure if a sufficiently large number of 
individuals, subjected during their normal lives to 
small doses of irradiation, exhibits well defined bio- 
logic changes. There are now, within the United 
States, many people who receive these small doses 
of radiation in the course of their medical care who 
would be suitable for this epidemiologic research. 
Those who receive no radiation could be the control 
group. For this type of research it would be necessary 
to know the quantities of radiation these people had 
received. They would have to be followed for a 
sufficiently long period of time to detect any biologic 
changes which may occur. Important data would in- 
clude: (1) the total energy contained within the 
roentgen-ray beams of the equipment used in prac- 
tice; (2) the relationship between radiant energy 
values and tissue dose for the various types of roent- 
genographic and fluoroscopic examinations and for 
the various tissues. 

'The author describes in detail an instrument de- 
veloped in his laboratory which permits the meas- 
urement of the total energy contained within a 
roentgen-ray beam. It is a device which integrates 
radiant energy both temporally and spatially. 
Measurements are made without the operator being 
required to determine the area of the irradiated 
field or the exposure time. Also, as its response is 
uniform at all photon energies, measurements may 


234 


be made without correction for kilovoltage and beam 
filtration. Normal operation, thus, is quite simple, 
and requires no adjustments or manipulation except 
for the simple pushing of a reset.switck at the end of 
each exposure, after the measurement has been re- 
corded, in order to prepare it for the next exposure. 
Although designed principally for epidemiologic 
research, this ease of use makes it ideal for the rou- 
tine recording of radiation exposure data in diag- 
nostic roencgenology. It is calibrated to give readings 
in absolute units of radiant energy: namely, the 
millijoule. 

This routine recording of the radiant energy de- 
livered to patients is likely to have an important 
‘influence on roentgenographic anc fluoroscopic 
techniques. High readings will point to unsafe 
equipment or improper fluoroscopic procedures. 
Awareness of these high exposures will lead to cor- 
rection of defective equipment and the improve- 
ment of techniques, thus ensuring that the exposure 
received by the population from medical roentgeno- 
logic sources is maintained at as low a level as pos- 
sible-—Dozald №. Dysart, M.D. 


RADIATION THERAPY 


Yanovas, Marto Garrán. Tratamiento de la 
peritendinitis (bursitis) con ravos x; estudio 
de 285 casos. (Treatment of peritendinitis 
(bursitis) with roentgen rays; review of 285 
cases.) Radiología, Mar., 1961, rz, 51-62. 
(Address: Director-Jefe de Radioterapía del 
Instituto Nacional de Cancerologia de Bo- 
gotá, Carrera 12 No. 20-69, Bogotá, Co- 
lombia.) 


The author reviews his experience in the treatment 
of 242 patients suffering from bursitis. A number of 
patients had bilateral lesions; thus, the total number 
of lesions is 285, with 94 per cent of them localized in 
the shoulder region, about equally divided between 
the right and left side. Only 16 per cent of the pa- 
tients gave a history of previous trauma, and another 
16 per cent showed evidence of rheumatic disease. 
Of the 260 cases with roentgen studies of the 
shoulder, 88 per cent had calcifications, but there 
seemed to be little correlation between the intensity 
and duration of symptoms and the presence of cal- 
cium deposits; moreover, the depcsits would often 
persist after treatment had rendered the patient 
asymptomatic. 
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Irradiation was administered with roentgen rays 
of a half value layer of at least 1 mm. Cu, through 
6X8 to 8X 10 cm. fields, in divided doses from 100 to 
goo r daily. The total dose was never higher than 
2,000 r given over a period of several weeks. 

In evaluating the results, 26 cases were eliminated 
from consideration because the patients had re- 
ceived no treatment or because the treatment was 
not completed. Of the remaining 259, 79 per cent had 
complete relief of symptoms, 6 per cent noticed no 
improvement, and the rest experienced partial bene- 
fit. Only 72 patients could be rechecked a year after 
treatment and 63 of them were well.—F. Comas, 
M.D. 


Pexv, С. Considerazioni sulla radioterapia del 
tumore di Wilms; con particolare riguardo ai 
risultati a lunga distanza dal trattamento 
della sede primitiva e delle metastasi. (Con- 
sideration of radiotherapy of Wilms’ tumor; 
with particular attention to the long term re- 
sults of treatment of the primary site and of 
the metastasis.) Radiol med., Mar., 1961, 
47, 229-241. (Address: Piazza della Vittoria, 
10, Firenze, Italy.) 


The patients observed, with the exception of one 
who because of bilateral lesions was treated palli- 
atively by irradiation alone, were treated by a 
combination of surgery and irradiation. 

'The validity of the method is justified by the early 
‘extension of the neoplasm beyond the limits of the 
renal capsule, and the possibility of dissemination of 
neoplastic cells during the operative intervention. 

A depth dose of 2,700—3,000 г was administered, 
whenever possible, immediately after nephrectomy. 

Opposed anterior and posterior fields and occa- 
sionally, when necessary, a lateral field were used. 
'The fields covered the superior limit of the hemi- 
diaphragm and the controlateral side of the spine in 
order to include the vascular root and the lymphatic 
distribution. 

The treatment was controlled by the local and 
general response. 

Of the 11 cases treated one has survived over 
seven years, one over six years, and two over three 
years. 

Lately by using telecobalt therapy the depth dose 
has been increased to 3,500-4,000 г. This treatment 
is better tolerated and produces fewer complications. 
—4A. S. Blasi, M.D. 
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Processor 
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The Kodak X-Omat Processor—basic 
equipment for every radiologist because... 
1. Referring physicians and patients receive 
improved service. 2. Highest quality film 
processing aids diagnosis. 3. Work peaks 
are smoothed out, work pressure is reduced. 
4. It’s reliable hour after hour every day. 

Two models are available: Model М4, 
for every radiologist’s practice in private 
office, clinic, or hospital, Model M3, for 
the larger institutions. 

For information, consult your Kodak 


X-Qmat Processor dealer, or write: 
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Retropneumoperitoneum und Pneumomediastinum 
By Prof. Dr. U. COCCHI, Zürich 
With a preface by Prof. Dr. H. R. Schinz, Ziirich 


1957. X, 226 pp., 142 ill. consisting of 285 details, 5 tables and 44 diagrams, cloth DM 75.— 
/$18.75 


(79th supplement to “Fortschritte auf dem Gebiete der Réntgenstrahlen und der Nuklearmedi- 
zin". Preference price for subscribers to this journal DM 67.50 [$16.90]) 


This beautiful monograph on retropneumoperitoneum and peumomediastinum fills a gap in the 
German language literature of roentgenology, and for that matter in the world literature. The 
material is based on a large personal experience and an admirable review of the literature of 
the whole subject. It sets forth clearly the field of application and leads to some reliable conclu- 
sions concerning the present value and possible further development of this subject. 

Case, Amer. J. Roentgenol. 


Die Erkrankungen der Gallenwege und des Pankreas 
Diagnostik, Klinik und chirurgische Therapie 
By Priv.-Doz. Dr. W. HESS, Zürich 

With illustrations by Ingrid Schaumburg, Hamburg 
1961. XXIV, 672 рр., 267 Ш. consisting of 518 details, 42 tables, cloth DM 142.—/$35.50 


This book is a detailed account of the present position of the surgery of the bile passages in the 
light of all recent experience. Stress is laid on both clinical and operative diagnosis, using 
radio-manometry and choledochoscopy. These procedures are discussed in detail and are illus- 
trated by more than 100 cholangiograms. Special attention is devoted to surgical tactics, while 
the various indications for special surgical procedures, the advantages and disadvantages, their 
risks and the statistical results are fully presented. The operative technique of all surgical pro- 
cedures is described in detail and illustrated by over 200 figures. The book is based on systematic 
evaluation of 1,614 cases submitted to operation. It will serve to give the surgeon a clear insight 
into the pathological conditions, to enable him to select the most appropriate procedure and to 
enable him to operate with the very best technique. 








Lymphangiographie und Lymphadenographie 
der Extremitäten 


By Doz Dr. F. KAINDL, Dr. E. MANNHEIMER, Dr. L. PFLEGER-SCHWARZ, Doz. Dr. 
B. THURNHER, Vienna 


With a foreword by Prof. Dr. K. Fellinger, Vienna 
1960. VIII, 71 pp., 112 ill. consisting of 148 details (some in colour), cloth DM 39.—/$9.75 


(87th supplementary volume to “Fortschritte auf dem Gebiete der Rontgenstrahlen und der Nu- 
klearmedizin", Preferential price for subscribers to this journal DM 35.10/$8.80) 


. This is a monographic study of high quality that should be of interest to radiologists, in- 
ternists, edema surgeons, pathologists and anatomists. Both the authors and the publisher de- 
serve commendation. Zimmermann, J. Int. Coll. Surg., Chicago 


This short volume joins the series of excellent editions on radiological and nuclear medicine. . . . 
Although the technique is not difficult, the information obtained is chiefly of interest to workers 
in a special field and those doing research. Bonnin, J. Bone Surg., Edinburgh 
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Antibiotiea et Chemotherapia 


Advances JUST OUT: . 
edited by О. GsELL, Basel Vol. ) 


IV + 192 p., 32 fig., 1961. US $9.60 


Index 


25 Jahre Chemotherapie mit Antibiotics und Sulfonamiden 
Ein Rückblick und Ausblick Von А. R. Frisx, Stockholm 


Some New 'Trends in the Field of Experimental Research on Sulphonamides 
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The Position of Leprosy and Tuberculosis in Experimental Chemotherapy 
By К. J. Scanrrzer, Nutley, N.J. 


Archives of Internal Medicine: "This handsomely printed and illustrated book is a 
sort of European analogue of some of the various *Advances' series which have become 
so popular here. There are comprehensive articles on various phases of the antibiotic 
problem—some in German, some in French, and some in English. The development of 
antibiotics, their use in endocarditis, untoward effects, secondary yeast infections and 
antibiotics in pediatrics are some of the main chapter headings. There are comprehen- 
sive lists of references." 
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in advance of use without danger 
of souring—ls ideal for use in a 
tropical climate because it is not 
easily affected by heat or moisture 
—Contains Barium Sulphate 97% 
which differs from U.S. P. standard 
in fineness of grain only. 


ST. LOUIS 36, MO. 





ж X-Ray accessories for those who demand quality ж 


xlv 


CONSOLIDATED 
INDICES 


Volume V 
embracing 


The American Journal of Roentgenology 
Radium Therapy 
and Nuclear Medicine 


Volumes 69-78 (1953-1957) 


Vhis index iünriases tie леа ol vow 
Pack issues of A/R by len cims A 
THOROUGH JOB: Nor oniv the tile of 
еей article [aos been indexed but each article 
and volume has heen indexed page by page in 
the same manne that texthooks are indexed 

„ facilitating ease amd accessibility ol the 
туеп аңи]е in the улеп vobonss which 


this пех ine Нир, 


Diu ludes: Editorial; обший, o dpud 
: liews and abstracts carefull: 

devet as to subs: ts anmdauihior. About 28,000 
SEPARATE LISTINGS! 
Hosen have айу occasion qe reba te 775 

а i r 
Therapy and wr. T хош save 
hours by using this indes. HE von do inv wri- 
img ib dus ВЕ sou cen do Чил H. 
170 pp. (25, А ilt 

Volume КИМЛЕ Out of Print 

Yolume H 19598-912 | 

Volume HE 1943-1947) 

Volume ТУ Chas. 1952) 

Volume У 1953-0957: 


CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue © Springfield, Ilinois 


xlvi 











A new concept in 
pneumoencephalographic 
inferpretation 


An Atlas of 
Detailed Normal 


pneumoencephalogr? M 


Anatomy 


For use in everyday diagnostic work— 
a detailed roentgenographic demonstration 
"in vivo" of intracranial structures. A 
imensional concept of various an- 

atomic formations ig attained by their 
demonstration in lateral and sagittal roent- 
genograms. Lateral and coronal lamina- 
pan. including laminagrams of the cere- 
Eua кнн) fluid cavities of the posterior fossa, 

ustrated. 


TWO NEW TECHNIQUES аге intro- 
duced—fractional encephalography with 
laminagraphy and axial transverse еп- 
cephalography. Emphasis is placed on 
demonstration of structures with less well- 
known  pneumoencephalographic appear- 
ance. Some structures are demonstrated 
roentgenographically "in vivo" for the first 
time. 


By 


GIOVANNI DI CHIRO 
Neuroradiologist, National [nstitute of 
Neurological Diseases and Blindness 


About 300 reproductions of the same size 
as the original encephalograms and an al. 
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are included. 


Publication date August 1961 
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The complicated effects of multiple scattering have always presented a major difficulty 
to analysts of X-ray beams traversing matter. In this Supplement the authors describe 
how the Monte Carlo method of computation may be ed to allow for multiple scatter- 
ing when studying the penetration of X-ray beams. A full discussion of their combina- 
tion of analytical and Monte Carlo methods is presented and much information on the 
ctra of X-ray beams in the photon energy range from 50 to 1250 keV is provided in 

e form of graphs and tables, with the main emphasis on data for beams traversing 
water. This Supplement will interest all those concerned with the use of X rays in 
radiotherapy and in radiobiological studies. 


Price: 12s, 6d. $2.00 (One copy is allowed to each member at 7/6d—U.S.A. $1.50) 


SUPPLEMENT No. 10 


DEPTH DOSE TABLES FOR USE 
IN RADIOTHERAPY 


(containing 77 tables, three full-page and two half-page graphs) 


The value of central axis depth dose and related data in radiotherapy was evident from 
the heavy demand made for Supplement No. 5 (1953), "Central Axis Depth Dose Data". 
When stocks of the latter were exhausted three years ago, it was decided to revise the 
original data in the light of more recent experimental work, and to extend the deir 
to the higher energies now coming into general use. This task was undertaken by the 
Scientific Subcommittee of the Hospital Physicists' Association. 

The new edition contains nine main sections covering electromagnetic radiations 
ranging from Grenz rays (H.V.T. 0.01 mm of Al) up to 31 MV betatron X rays, and in- 
cluding electron beams (2 to 30 MeV). Every effort has been made to ensure that tables 
are adequately explained as to origin, possible sources of error and limitations of ap- 
plicability. Where significant differences from the earlier data occur, they are discussed 
by the individual reviewers of the sections concerned. 

This Supplement provides the most comprehensive selection of central axis data in 
existence, and has been compiled by acknowledged experts in the field. 


Price: 45s. $7.50 (One copy is allowed to each member at 32/6d—U.S.A. $6.50) 
| obtainable from 


THE BRITISH INSTITUTE OF RADIOLOGY 
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THE AZYGOS VEIN ARCH AND ITS 
VALVULAR APPARATUS* 


ANGIOGRAPHIC OBSERVATIONS 


By GIULIO TORI, M.D., and б. Е. GARUSI, M.D. 


BOLOGNA, ITALY 


INCE Busi® and other workers?^* first 

recorded the roentgenologic morphology 
of the azygos vein as seen on posteroante- 
rior roentgenograms of the chest, the litera- 
ture on the roentgen aspects of the vessel 
in both normal and pathologic conditions 
has been considerably enriched. 

The characteristic “pumpkin еей” 
image lying in the low paratracheal region 
near the right bronchus and equal in den- 
sity to the aorta corresponds, according 
to the great majority of authors, to the 
frontal view of the azygos vein arch. Even 
in normal individuals the image shows 
variable morphology and dimensions; this 
may depend, on the one hand, on the 
various conditions of projection of the 
vessel and, on the other, on the degree of 
opacification by the injected medium. 
Thus, when the patient shifts from a stand- 
ing to a prone position, the caliber of the 
vessel increases; this also happens in deep 
breathing, while the caliber is considerably 
reduced during the Valsalva maneuver. 

In pathologic conditions the azygos vein 
is considerably enlarged, as, for instance, in 


* From The Radiological Institute of Bologna University. 


cardiac diseases and extracardiac morbid 
processes which obstruct the drainage of 
the superior vena cava into the right heart 
(Meldolesi® and Grilli"). 

Fleischner and Udis? emphasize that the 
increase in size of the azygos vein appears 
most often in cardiac failure, but they also 
have observed volumetric increases in the 
vessel in cases of exudative and constrictive 
pericarditis. Furthermore, they state that 
enlargement of the azygos vein almost al- 
ways appears In tricuspid insufficiency. As 
pointed out by all the aforementioned 
authors, the degree of enlargement of the 
azygos vein may serve as a useful indicator 
of the functional integrity or of the impaired 
performance of the right heart. 

The most frequent extracardiac lesions 
which may cause increase in the caliber of 
the azygos vein are mediastinal tumors or 
calcifications compressing апа occluding 
the superior vena cava. The dilatation, in 
this case, is the result of the fact that the 
azygos system connects the two venous 
systems of the superior and inferior vena 
cava. If the occlusion in the superior vena 


235 


236 


cava is above the insertion of the azygos 
vein, the venous blood from the head and 
trunk reaches the right atrium not only 
through the abdominal veins and the super- 
ficial veins of the thorax, but also through 
the intercostal veins, thus bringing about 
dilatation of the azygos vein. When, how- 
ever, the occlusion of the superior vena 
cava occurs below the insertion of the 
azygos vein, the blood from the head and 
trunk reaches the right atrium by reverse 
flow through the azygos and lumbar veins 
and then through the inferior vena cava. 
Dilatation of the azvgos vein may also 
take place in cases of absence or hypoplasia 
of the inferior vena cava, as described by 


Downing," or in patients with occlusion of 


the inferior vena cava, as reported by 
Stauffer and colleagues.” Sometimes the 
increase in size assumes the aspect of a true 
aneurysm, as in the case described bw 
Schmidt,? where the dilatation was such 
as to simulate a mediastinal tumor. Obser- 
vations of a similar nature have been de- 
scribed by other authors (Saver ef ай, 
Leigh e£ al.,!° and Shuford and Weens*). 

In both normal and pathologic conditions 
the study of the arch of the azygos vein 
may be carried out in more detail by 
laminagraphy. Gemignani!® and Main- 
oldi,? who have studied the vein lamina- 
graphically, especially in normal subjects, 
affirm that the vessel is visible only i 
those cases where it is surrounded by an 
aerated parenchyma. In cases of more or 
less extensive atelectasis, fibrous and infil- 
trating parahilar processes of vast extent, 
and serious thickening of the mediastinal 
pleura, the vessel cannot be seen. 

Motta? calls attention to other particu- 
lars which concern the movement and dis- 
placement of the vessel in pathologic condi- 
tions. In cases of infiltrating or cavitary 
parenchymal lesions of the right upper 
lobe, the arch of the azygos vein is con- 
siderably displaced laterally with respect to 
the tracheobronchial angle, which is its 
normal seat. A certain degree of upward 
displacement may also be noted—very 
slight in some cases while in others amount- 
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ing to as much as 3-4 cm. Conversely, in 
case of pneumothorax, the arch of the 
azygos vein may appear to be medially 
displaced towards the mediastinum. 

To summarize, plain roentgenography 
and laminagraphy can visualize the arch of 
the azygos vein in the vast majority of 
cases, whether normal or pathologic. The 
roentgen findings obtainable by these 
studies still leave open to discussion the 
interpretation of the morphologic aspects 
and the evaluation of the variations which 
are met with in certain normal conditions 
and in pathologic processes. 


THE PRESENT STUDY 


During angiocardiographic investigations 
(standard angiocardiography and peros- 
seous azygography) we have collected 
some observations which we believe are of 
sufficient interest to merit presentation and 
which also give a clearer understanding of 
the above-mentioned problems. 

Our observations refer chiefly to the 
morphology of the terminal portion of the 
azygos vein, commonly known as the arch 
of the azygos vein, and to its valvular ѕуѕ- 
tem seen mostly during angiocardiographic 
examinations carried out on subjects af- 
flicted, for the most part, with cardiac or 
mediastinum-pulmonary diseases. Further 
information has been collected through 
perosseous azygography (the direct intro- 
duction of a radiopaque medium into the 
marrow of a rib—generally the posterior 
segment of the seventh-tenth right or left 
rib—by means of a sternal puncture needle 
percutaneously inserted into the rib). 

These observations are the result of a 
study of approximately 150 angiocardio- 
grams and 100 azygograms. 


THE ARCH OF THE AZYGOS VEIN 


The arch of the azygos vein begins at the 
level of the fourth to sixth vertebra, bending 
forward and describing a downward con- 
cave arch which can be of varying degree. 
We have observed: (1) hooklike arch; (2) 
small radius arch; and (3) large radius arch. 
Of these three types, the most frequent 
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seem to be the last two (Fig. 1, 4 and B). 
Numerous transitional forms, however, 
exist. More or less pronounced kvphosis of 
the spine does, of course, influence the de- 





gree of curvature, as does the anteropos- 
terior diameter of the thorax and the posi- 
tion and orientation of the heart. In a 
certain number of cases the terminal por- 








Vic. т. Transcostal perosseous azygograms 
(laterolateral chest projections) showing 
various aspects of the downward curve of 
the arch of the azygos vein describing: (4) 
small radius arch; (8) large radius arch; and 
(C) almost horizontal arch. In C a slight 
swelling, the valvular system, is observed 
in the middle third and the relationship of 
the azygos vein arch to the barium. filled 
oesophagus can be noted. 
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tion of the azygos vein has no downward 
concave curvature, but an almost horizon- 
tal course (Fig. 1С). 

The downward concave course of the 
arch in a sagittal direction is easily seen on 
the laterolateral chest roentgenogram. In 
order to obtain a more exact idea of the 
morphology and course of the vessel, these 
findings, however, must be considered along 
with those observed on the anteroposterior 
roentgenograms. By so doing, we noted 


that, in the majority of cases, the course of 


the arch also shows a medially concave 
curve; Z.e., as demonstrated by the brilliant 
anatomic research of Andreassi? (Fig. 2), 
the arch first passes laterally from its point 
of origin and then, having traversed the 





Fic. 2. Drawing (modified from Andreassi?) of a 
transverse section of thorax at the level of the 
fourth dorsal vertebra illustrates how the arch 
describes а medially concave curve, first passing 
laterally from the point of origin (I, posterior seg- 


ment), then in a forward direction (II, inter- 
mediate segment), and, finally, turning inward 
and downward (III, terminal segment). (Ao, 


aorta; Ázv, azygos vein; Oe, oesophagus; Svc, 
superior vena cava; Tr, trachea.) 
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right main bronchus, it proceeds medially 
downward (Fig. 3.7). This projects on the 
anteroposterior roentgenogram—due to the 
superimposed shadow of part of the azygos 
vein in its medial curve and the adjacent 
anterior segment which bends from the out- 
side towards the inside and downwards— 
as an oval-shaped image, with the longer 
axis lying in a vertical or oblique direction 
(Fig. 3B). Less frequently, when the arch 
is almost horizontal and does not describe a 
true medially concave curve, in the frontal 
view the vessel appears round in shape and 
is usually situated considerably to one side 
of the spinal column (Fig. 3, C and D). In 
such cases, the azygos vein arch actually 
follows a rather long, clearly lateral course 
initially and then, continuing on an entirely 
sagittal plane, it empties into the superior 
vena cava. 

The caliber of the arch, of course, in- 
creases, though slightly, from the point 
where the vessel leaves the anterior edge of 
the dorsal spine until it empties into the 
superior vena cava. In some cases, however, 
true increase is not evident, and the termi- 
nal portion of the azygos vein may show an 
almost uniform caliber. The valvular svs- 
tem, due to its relative continence, causes a 
variation in caliber as evidenced by the fact 
that the postvalvular part, that is, the 
segment between the valves and the inser- 
tion in the superior vena cava, shows an 
appreciably greater caliber than the poste- 
rior part. 


INSERTION OF THE AZYGOS VEIN 

The azygos vein drains into the upper 
third of the superior vena cava, usually 2 
cm. from the vessel origin as a result of 
junction of the two innominate veins; an 
insertion at a higher level is rare. It is 
generally found at a lower level than both 
the peak and the posterior point of origin of 
the arch. Less frequently the insertion is 
found at the same level or slightly above the 
posterior point of origin. 

The azygos vein almost always opens 
into the posterior wall of the superior vena 
cava (Fig. 4.7); rarely does it open into its 
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Fic. 3. Posteroanterior transcostal perosseous azygograms. (4) The azygos vein arch describes two curves, 
one with downward concavity and the other with medial concavity. (B) In the frontal view the arch 
casts an oval shadow with the longer axis lying obliquely. (C and D) Two cases in which the azygos vein 
arch first passes outward, then forward horizontally without a true medial concave curve; it assumes a 
rounded shape in the frontal view. 
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medial wall. This latter occurrence can 
only be demonstrated when the superior 
vena cava is almost completely rotated and 
displaced outwards by the aorta, dextro- 
posed, as in congenital heart defects, or 


when there is a considerable degree of 


ectasia (Fig. 4, B and C). In these instances, 
the medial insertion is more apparent than 
real, being the result of a change of position 
of the superior vena cava. We have ob- 


Fic. 4. (4) Insertion of the azygos vein into 
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the posterior wall of the superior vena cava 
(arrow) and (B) into the posteromedial 
wall of the superior vena cava (arrow). The 
latter is in a case cf Fallot’s tetralogy with 
considerable ectasia of the right-sided 
aorta and lateral displacement of the su- 
perior vena cava. (C) Insertion into the 
medial wall of the superior vena cava (ar- 
row) in a case of interventricular septal de- 
fect with dilated pulmonary artery and dex- 
troposed aortic arch; this last condition dis- 
places the superior vena cava so far to the 
right that a window is formed through 
which the bending of the azygos arch is 
seen, in its frontal aspect, and the insertion 
is clearly visible, 


served т such case. The patient had a 
rotation defect of the cardiac cavities and 
an ascending aorta displaced to the left; 
the very large azygos vein emptied postero- 
laterally into the superior vena cava. 


VALVES OF THE ARCH OF THE 
AZYGOS VEIN 


ierally two in number and 


These are ger 
alfway along the arch at the 


are situated ha 
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Fic. 5. Valves of the arch of the azygos vein. (4) Opacification of the arch by reflux during angiocardiography 
in the laterolateral projection. The valves (arrow), in the middle third of the arch, are visible due to the 
accumulation of opacified blood in the pockets posterior to the valves. (B) The valves (arrows), in the 
posterior third of the arch, are visualized during perosseous azygography. 


point where it crosses the right main 
bronchus, or in the posterior third of the 
arch (Fig. 5, Æ and B). (We have never 
observed the valvular system in the ante- 
rior third of the arch.) In the laterolateral 
projection the vessel shows a considerable 
swelling at this point, caused bv the ac- 
cumulation of radiopaque blood in the 
pockets posterior to the valves. These find- 
ings confirm the anatomic data provided bv 
Poirier and Charpy,” as well as by Sylwan- 
owicz.38 

In the anteroposterior projection the 
valves cast а characteristic roentgen 
shadow. As they are situated in the inter- 
mediate segment of the azygos arch, they 
assume what we have called a “coffee bean” 
appearance (Fig. 6, Æ and B) in which the 
two halves of the shadow, not really oval 
but almost round, correspond to the two 
pockets filled with contrast medium, while 
the central dividing line corresponds to the 
slit between the two valvular edges. These 
latter may be of equal or unequal size; their 


orientation, and also the slit between them, 
is variable, so that they may appear in a 
vertical, oblique or almost transverse posi- 
tion. 

The valves, when the superior vena cava 
is well opacified, are visualized within the 
shadow of the latter; however, thev may 
also protrude eccentrically when the inter- 
mediate segment of the arch is at some dis- 
tance from the insertion of the azvgos vein 
into the superior vena cava. 

Another very rare image observed in the 
anteroposterior projection, which we have 
called "snake mouth” appearance, occurs 
when the valves, instead of being visualized 
in the frontal aspect, are viewed almost 
lengthwise at a considerable angle (Fig. 
6C). This is seen when the valves, instead 
of being located in the intermediate seg- 
ment which has a relatively sagittal course, 
are located in the posterior segment which 
has a mediolateral course. 

In almost all cases observed by us the 
valves were double (Fig. 6, 4 and В); 
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Vi6. б. The valves of the azygos vein arch are visualized in anteroposterior projection of the thorax by reflux 
during angiocardiography. G7 and B) The "coffee bean" appearance: the valve borders, equal in size, 
may have (4) an almost vertical or (B) a transverse position. (In both of these examples the valvular 
system is seen within the shadow of the opacified superior vena cava.) (C) The "snake mouth" appearance 
of the valves in an aged patient with a right paracardiac tumor pressing on the sinus of the venae cavae 
and the right atrium. Partial incontinence of the valvular system can be noted. (D) Azvgos valves with 
three borders (arrows). 


triple valves were rarely seen (Fig. 6D). In our observations of reflux into the 
The marked agreement with the findings of azygos vein arch during angiocardiography ; 
Sylwanowicz?? on cadavers must here be we found cases where the valves were not 
noted, since he found double valves in the evident, possibly due to their rudimentary 
majority of the 44 subjects he studied; structure. 

triple and single valves were less frequent. These observations refuted the theory of 
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Poirier and Charpy,” and upheld that of 
Sylwanowicz?? concerning the continence of 
the valvular system of the azygos vein 
arch. This function may be evaluated on 
the basis of reflux of the blood containing 
the contrast medium. We have noted cases 
in which the reflux passed the valvular 
system opacifying the posterior segment of 
the arch, and others in which the valves 
seemed to close. In other words, it would be 
more correct to speak of a relative patency 
of the valves of the azygos vein arch. The 
best visualization of the valves was ob- 
tained in cases of stenosis-insufficiency type 
lesions of the tricuspid valve. In such cases 
the “coffee bean" shadow remained visible 
as long as ten to fifteen seconds after the 
azygos vein arch itself became empty of 
blood containing opaque material. How- 
ever, we were unable to visualize the valvu- 
lar system in mitral disease and in cardiac 
failure. This would suggest then, that 
roentgen visualization of the valvular sys- 
tem of the arch of the azygos vein may 
constitute an indication of right endoatrial 
stasis caused by impeded emptving through 
the tricuspid valve rather than by cardiac 
failure. 


POSITIVE AND NEGATIVE IMAGES OF THE 
AZYGOS VEIN IN ANTERO- 
POSTERIOR PROJECTION 


The positive image in the frontal view 
corresponds to the arch of the azvgos vein, 
when it is filled with contrast medium. In 
most cases the shadow has an oval shape 
with the longer axis vertical or oblique. 
This, the most frequent aspect, is the result 
of a frontal image of the intermediate seg- 
ment of the arch combined with the shadow 
of the anterior segment (Fig. 3B; and 4.4). 
When the arch has a predominantly hori- 
zontal course, without presenting a true 
medial concavity, the positive image is 
rounded in shape (Fig. 5, C and D). 

The negative image appears during an- 
giocardiography carried out intravenously 
according to the standard procedure; pre- 
sumably it is due to penetration into the 
superior vena cava of a flow of blood from 
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the azygos vein which does not contain con- 
trast medium. Sucha finding, which accord- 
ing to some authors^? is fairly frequent, 
is indicative of the true position of the 
mouth the azygos vein in the superior vena 
cava. 

We have seen a remarkable number of 
such negative images. The morphologic 
basis and the dimensions of these so-called 
negative images are variable. Thus, while 
in some congenital or acquired cardiac 
defects the shadow appeared relatively 
small and round (Fig. 7, 4 and B), in an- 
other case of rotation of the cardiac cavities 
the mouth was considerably dilated (Fig. 
7C); in yet another (tricuspid stenosis- 
insufficiency with considerable dilatation of 
the superior vena cava) the mouth was 
oval-shaped with the longer diameter lying 
obliquely, and within the shadow was seen 
another smaller, rounded image, perhaps 
the frontal view of the arch. 

The observation of negative images of 
the mouth combined with reflux visualiza- 
tion of the arch is very rare (Fig. 8/7). An 
explanation. of the mechanism for this 
phenomenon seems to be offered by obser- 
vations in other cases where, both in the 
laterolateral and the anteroposterior pro- 
jections, the contrast medium was seen to 
spread out along the vessel wall, while the 
central part of the lumen showed no opaci- 
fication (Fig. 8, B and C). The course of 
events might, therefore, be as follows: after 
a first reflux of opaque blood from the 
superior vena cava into the azygos vein, a 
central flow of blood in the vessel, without 
contrast medium, makes the central zone 
of the azygos vein appear lighter. 


SUMMARY 


1. Our angiographic observations of the 
arch of the azygos vein and its valvular 
system may be considered from two view- 
points: (a) as a corroboration of the find- 
ings on the arch of the azygos vein at post- 
mortem examination; and (b) as the basis 
for a more detailed interpretation of the 
roentgen findings of the azygos vein detect- 
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Fic. 7. Negative images indicating 
the mouth of the azygos vein 
(arrows) seen during angiocar- 
diography in (4) a case of mod- 
erate right rotation of the car- 
diac cavities with the trunk of 
the pulmonary artery following 
an oblique course from right to 
left; (B) a case of mitral disease 
with dilatation of the pulmo- 
nary artery and stasis of the 
right heart; and (C) a case with 
a rotation defect of the cardiac 
cavities in which the very di- 
lated mouth is situated on the 
posterolateral side of the su- 
perior vena cava. The marked 
cilatation is probably а com- 
pensatory phenomenon to the 
impeded emptying into the in- 
ferior vena cava of the venous 
circulation of the pelvis and the 
lower limbs following repeated 
attacks of thrombosis. The su- 
perior vena cava below the 
azygos vein is also very dilated. 
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8. G7) Negative image of the mouth of the azygos vein (left arrow) clearly seen during reflux of the 


contrast medium into the arch and the valvular system (right arrow). (B) “Rail” appearance of the azygos 
arch (arrows) seen in the laterolateral projection. (It is suggested that this effect is produced by dilution 
of the contrast material with nonopacified blood flowing in the center of the vessel and the residue of the 


contrast medium spreading along the walls.) (C) The "rail" 


appearance seen in the anteroposterior pro- 


jection, The mouth of the azygos vein (arrow) resembles a ring. 


able on conventional roentgenologic ex- 
aminations of the thorax. 

2. In most cases the arch of the azygos 
vein shows a downward concave curvature 
as well as a medial concavity. In the antero- 
posterior projection of the chest, due to 
superimposition of shadows, an oval-shaped 
image with a longer vertical or oblique axis 
18 seen. Less frequently, when the azygos 
arch runs horizontally without medial curv- 
ature, the image assumes a rounded ap- 
pearance. 

3. The insertion of the azygos vein is 
found on the posterior wall of the superior 
vena cava at a level usually lower than the 
point of posterior origin of the arch istelf. 
Insertion on the medial side of the superior 
vena cava is rare and is found only when 
the vena cava itself is displaced outward 
due to pathologic causes. 

4. The valvular svstem of the azygos 
vein is found about halfway along the arch 
or in the posterior third; the valves usually 
are double and, in the frontal view (antero- 
posterior projection), they show a charac- 
teristic "coffee bean" appearance. The 


valve edges may be assumed to be relatively 
continent. 

5. The positive image of the arch of the 
azvgos vein in the anteroposterior projec- 
tion frequently has an oval or, more rarely, 
a rounded shape. 

6. There are however, also, negative 
images, presumably due to flow of blood 
not containing contrast medium from the 
azygos vein into the injected superior vena 
cava. Images of this kind may vary both in 
underlying morphology and in dimension; 
they seem to correspond exactly to the 
mouth of the azygos vein in the superior 
vena cava. 

Giulio Tori, M.D. 
Mezzofanti, 89 
Bologna, Italy 
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DILATATION OF THE HEMIAZYGOS VEINS 
IN SUPERIOR VENA CAVAL OCCLUSION 
SIMULATING MEDIASTINAL TUMOR* 


By ISRAEL STEINBERG, M.D. 


NEW YORK, NEW YORK 


N 1938, soon after the Robb-Steinberg 

method of angiocardiography had been 
described, there appeared a report of the 
case of a young woman with a markedly 
dilated hemiazygos vein and stenosis of the 
superior vena cava. A lung abscess had 
developed in this patient following Hodg- 
kin’s disease which had been treated with 
radiation therapy.” Largely dilated 
hemiazygos veins had also been demon- 
strated in 1954 in a patient with superior 
vena caval occlusion due to fibrous medias- 
tinitis who had been treated by the inser- 
tion of a homograft bypass. Subsequently, 
2 more patients with left mediastinal 
masses due to venous collaterals because of 
superior vena caval occlusions were en- 
countered. Indeed, in the first case herein 
reported, that of an asymptomatic thirty- 
five year old man, the characteristic ap- 
pearance of the shadow in the left medias- 
tinum suggested the diagnosis of dilated 
hemiazygos veins and superior vena caval 
occlusion; venous pressure and angiocardio- 
graphic studies confirmed it. Barrett? de- 
serves credit for first describing a large 
series of cases with hemiazygos venous 
engorgement which simulated mediastinal 
tumors when the vena cava became oc- 
cluded owing to idiopathic mediastinal 
fibrosis. 

The purpose of this report is to emphasize 
that left mediastinal widening may be 
caused by dilatation of the hemiazygos 
venous system because of long standing 
vena caval occlusion and to point out that 
the diagnosis of this condition can readily 
be confirmed by venous pressure and angio- 
graphic studies. 


REPORT OF CASES 

Cass 1. Dilated hemiazygos system in an 
asymptomatic inan with superior vena caval oc- 
clusion of unknown etiology. A thirty-five year 
old warehouse man (N.Y.H. No. 797068), re- 
ferred by Dr. Peter Dineen, was admitted on 
June 3, 1958, with a chief complaint of an 
ulcer of the left leg of two months' duration. 
Four years prior to admission to another hos- 
pital, he had had subtotal thyroidectomy for 
suspected toxic goiter, and histologic study of 
the excised specimen had revealed а toxic 
adenoma. Anterior chest wall varicosities had 
been noted on physical examination, but no 
collateral veins or jugular distention had been 
encountered at the time of thyroidectomy. A 
roentgenogram of the chest, however, had not 
been made. 

The patient had been well until ten weeks 
prior to admission to The New York Hospital, 
when he accidentally scratched the left medial 
surface of the upper calf with a nail file. A week 
after this, he noted tenderness, erythema, and 
purulent drainage at the site of injury. Despite 
treatment, the lesion enlarged although there 
were no constitutional symptoms. 

On examination, the patient appeared well- 
developed and well-nourished. An 8 by 5 ст. 
irregular, ulcerated area with islands of epi- 
thelium, a crusted necrotic border, and a base 
of granular tissue was noted in the left lower 
calf. Varicose veins of the left leg and dilated 
veins of the upper abdominal mass were promi- 
nent. Culture of the exudate from the leg 
ulcer grew out Staphylococcus aureus hemolyt- 
icus. Roentgenograms of the chest revealed a 
nodular mass in the left mediastinum (Fig. 1, 
Æ and B). Distended right jugular and upper 
thoracic veins were then noted. Angiocardiog- 
raphy on June то, 1958, demonstrated occlu- 
sion of the left innominate vein with tremendous 
hemiazygos vein dilatations (Fig. 1, C and D). 


ж From the Department of Radiology and Medicine, The New York Hospital—Cornel Medical Center, New York, New York. 
Aided by a grant from the Whitehall Foundation and Mallinckrodt Chemical Works. 
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Fic. 1. Case т. (4) Frontal teleroentgenogram showing widening of the right superior mediastinum with a 
small left mediastinal mass (arrow). (B) Lordotic frontal roentgenogram more clearly reveals the left 
mediastinal shadow (arrow). (C) Frontal angiocardiogram (left arm injection) demonstrates that the 
dilated tortuous hemiazygos venous channels are responsible for the left mediastinal mass. (D) Left an- 
terior oblique roentgenogram showing the tremendously dilated hemiazygos system finding its way to the 
inferior vena cava, (Æ) Frontal angiocardiogram (right arm injection) showing the superior vena caval 
occlusion and that the widened right mediastinal shadow is due to the dilated right innominate vein, 





Venous pressure studies on June t4, 195%, 
yielded these results: the right arm, 390 mm. 
НО; left arm, > mm. НЊО. After hepatic 
pressure these rose to бо mm. НО. After bed 
rest, the greater saphenous vein was ligated, 
the veins of the left leg were stripped, and the 
edges of the ulcer were excised. Skin grafts 
were placed over the ulcer four days later. On 
June 14, angiocardiography via injection into 
the right arm demonstrated superior vena 
caval occlusion (Fig. 1E). He was discharged 
on July 2, 1958, but returned in September and 
November of 1959 because of recurrence of the 
left leg ulcer, which was again treated with skin 
grafting. The patient did not return for follow- 
up studies. 








Case n. Hugely dilated hemiazvgos veins due 
ło vena сата! thrombosis af undetermined etiology. 
A thirty year old Negro nurse (N.Y.H. Мо, 
590528) was admitted on March 14, 1959, com- 
plaining of headaches, cough, and pain in the 
right arm. Two years prior to admission (Oc- 
tober, 1957) while living in Bermuda, the pa- 
tient had had a streptococcal sore throat and 
had been treated with multiple antibiotic drugs. 
She had developed periaural and periorbital 
edema, oliguria, and blurred vision, all of 
which had been attributed to a penicillin reac- 
tion. Because of transient albuminuria, nephri- 
tis had also been suspected. On a salt free diet 
and limited fluids and calories, she had lost 40 
pounds. However, blood pressure determina- 
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tions over a five year period had been normal, 
averaging 120/75 mm. Hg. During an examina- 
tion in the gynecology service of this hospital 
on July 15, 1958, one observer had noted that 
the neck was edematous. However, urinary 
studies (concentration and dilution tests and 
blood urea nitrogen) had been normal, and so 
dilatation and curettage of the uterus for 
metrorrhagia was performed. 

Physical examination on admission to this 
hospital in March, 1959, revealed puffiness of 
the face and neck. The lungs were clear and the 
heart was normal. The blood pressure was 
120/80 mm. Hg. Laboratory data were normal 
except for elevation to 340 mm. H;O of the 
venous pressure in both arms. Roentgenog- 
raphy of the chest (Fig. 2, апа В) disclosed 
a bulge in the left mediastinum just below the 
aortic knob. Angiocardiography via the left 
arm with dilute contrast material, performed 
on March 26, 1959, revealed superior vena 
caval occlusion with marked left hemiazygos 
venous collaterals (Fig. 2, C, D and А). On 
April 2, 1959, repeat angiocardiographic studies 
employing dilute contrast material injected 
via the right arm again showed complete oc- 
clusion of the superior vena cava (Fig. 2, F 
and G). Following this, anticoagulant therapy 
was begun and has been maintained, At a re- 
cent visit to the clinic (December, 1960), the 
patient reported that she was able to satisfac- 
torily perform house work and to care for her 
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daughter, although she still showed venous 
engorgement of the face, neck, upper extremi- 
ties, and thorax, 


DISCUSSION 

Obstruction of the superior vena cava, 
especially if the collateral circulation is 
inadequate, produces alarming symptoms. 
The venous engorgement causes turgor of 
the face, arms and upper thorax, ruddy суа- 
nosis and distress on lying flat. Cerebral 
anoxia resulting from stasis of the cerebral 
circulation brings on headache, dizziness, 
and syncope. All these signs and symptoms 
have become known as the superior vena 
caval svndrome. When fully established, 
the clinical picture is striking and can often 
readily be diagnosed by inspection of the 
face, trunk, and arms. Considerable infor- 
mation regarding the degree of obstruction 
of the superior vena caval system, whether 
partial (stenosis) or complete (occlusion) 
can be secured by measuring the venous 
pressure of the upper extremities. A very 
high pressure over 300 mm. Н.О signifies to- 
tal occlusion, whereas an elevated reading 
between 200 to 250 mm. Н.О denotes partial 
obstruction. In the borderline cases, infra- 
red photography of the face, extremities, 
and trunk mav disclose collateral venous 





Fic. 2. Case п. (4) Frontal teleroentgenogram showing a small left mediastinal mass (arrow). (В) Lordotic 
frontal roentgenogram again showing the mass (arrow). 
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channels not readily discernible on inspec- 
tion (Fig. 3). Visualization of the superior 
vena caval svstem by the intravenous 
injection of contrast material into the 
arms is the definitive method of showing 
superior vena caval block, especially of the 
collateral venous channels. 

Intravenous angiocardiography by the 
Robb.Steinberg method, especially when 
the patient is examined in the erect posi- 
tion, readily shows the venous blood flow 
into the heart. When bilateral innomi- 
nate veins are obstructed, especially distal 
to the superior vena cava, injections into 
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Fig. 2. (C) Frontal angiocardiogram (left arm 
injection) shows that the left mediastinal 
mass is formed by the dilated hemiazygos 
vein. Note reflux of contrast material into 
the right innominate vein. (D) Left anterior 
oblique angiocardiogram showing early fill- 
ing of the hemiazygos venous channels (left 
arm injection). (E) Frontal angiocardio- 
gram, a few seconds later, shows the tre- 
mendously dilated venous channels pro- 
gressing downwards toward the diaphragm. 


both arms either simultaneously or else 
separately in order to localize the sites of 
stenosis or occlusion are necessary. Since 
the highly concentrated organic iodides are 
irritative, angiocardiography whenever 
venous obstruction is suspected should be 
done with weaker solutions of urokon 30 
per cent, rather than with the ordinarily 
used 7o per cent solution. Also, if the 
cardiac chambers and the pulmonary 
arterial and aortic circulations need to be 
visualized to rule out cardiac and great 
vessel disease, the medium should be in- 
jected via the veins of the leg. 
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Vic. 2.04) Frontal angiocardiogram 
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(right arm injection) shows the dilatz 
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d right innominate vein, superior 


vena caval occlusion, and passage of the contrast agent into the hemiazvgos system. (G) Lateral angio- 
cardiogram (right arm injection) showing the hemi tazygos, lower intercostal, and spinal collateral channels 


plunging towards the interior vena cava. 


P 


Mic. 3. Infrared photograph showing cervic 
thoraco-abdominal, and upper arm venous dis- 
tention due to superior vena caval obstruction 
(Published by courtesv of Allen E. Weinberg of 
the Medical Hlustrations Laboratory, Veterans 


Administration Hospital, Coral Gables, Florida.) 








Obstruction of the superior МОЛЕ cavit 
was formerly believed to be гате 19 Jn- 
reasing reports of Uu alee the 
syndrome indicate that it is not uncom- 
mon.15:59:5,152? In а series of cc cases with 
superior venz caval obstruction. reported 
from The New York Hospital in 1951,” 
44 patients (80 per cent) had mediastinal 
neoplasms, 8 had syphilitic aneurvsms, and 
3 had the syndrome because of thrombosis 
of the superior vena cava. Ochsner and 
Dixon,” in reviewing 120 
superior vena caval obstruction, 
per cent due to phle bitis, 29 per cent to 
external compression (half of these were 
associated ел оң; 
per cent to mediastinitis s, and the rest (11 
per cent) to unknown causes. Recent ex- 
periences at The New York Hospital,*? 
? elsewhere in The United States, 2 
and in Great Britain?" indicate that car- 
cinoma of the bronchus is the most com- 
mon cause of superior vena caval obstruc- 
tion, and is responsible for at least 80 per 
cent of the cases. 
Collateral venous pathways for superior 
vena caval obstruction have been desc ribed 
by Carlson, MeIntire and Svkes,? Klassen 
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Vic. 4. Complete occlusion of the superior vena cava due to fibrous mediastinitis in a twenty-six year old man. 
(4) Frontal teleroentgenogram showing widening of the superior mediastinum with a small projection 
(arrow) from the left mediastinum. (8) Left lateral roentgenogram does not show an obvious mediastinal 
mass. 


et al.,^ Batson,’ end Abrams.! There are 4 
routes: (1) the azygos pathway-—azvgos, 
hemiazvgos, ascending lumbar, and lumbar 
veins connecting the superior and inferior 
vena cava; (2) the internal mammary path- 
way--internal mammary, superior and in- 
ferior epigastric, musculophrenic, the in- 
tercostal and superficial veins of the thorax, 
and the iliac vein to the inferior vena cava; 
(3) the lateral thoracic pathway lateral 
thoracic, thoraccepigastric, superficial epi- 
gastric, superficial circumflex, long saphe- 
nous femoral vein, and finally the inferior 
vena cava; and (4) the vertebrae pathway 
те innominate, vertebral, intervertebral and 
vertebral plexus, intercostal, lumbar and 
sacral veins to the azygos, and internal 
mammary routes. 

Figure 4, 1-С demonstrates the value of 
angiocardiography in the diagnosis and 
treatment of a patient with superior vena 
caval occlusion due to fibrous mediastini- 
tis.? Preoperatively, the site of vena caval 
obstruction and the resultant collateral 
circulation were clearly established (Fig. 


4C). Postoperative angiocardiography via 
simultaneous double injections showed that 
blood flowed directly from the arm to the 
right atrium through the patent graft, 
whereas, on the left side, blood from the left 
arm still drained into the hemiazygos svs- 
tem and inferior vena cava (Fig. 4, E 
and F). 

The cause of superior vena caval occlu- 
sion in the 2 cases herein reported is ob- 
scure. In Case т, the venous collateral cir- 
culation of the thorax was well developed 
and had not produced symptoms. Failure 
of the left leg ulcer to heal despite vigorous 
surgical treatment which included ligation 
and excision of varicose veins and skin 
grafting suggests that there may exist some 
underlying disturbance of the venous svs- 
tem producing generalized thrombophlebi- 
tis of the mediastinal veins and the lower 
extremitv varicose veins. The second pa- 
tient (Case 11), with superior vena caval 
occlusion, had thrombophlebitis of the 
arms. It would appear, therefore, that in 
both instances the vena caval occlusions 
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were related to venous thrombosis. The rior vena caval stenosis following the de- 
second patient has been receiving antico- velopment of a lung abscess probably due 
agulant therapy. to Hodgkin's disease which had been 

The patient reported in 1938% had supe- treated with roentgen radiation. In another 
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Fic. 4. (C) Frontal angiocardiogram (right arm injection) shows superior vena caval occlusion (arrow). (D) 
Artist's sketch of operative findings. (E) Postoperative, simultaneous and bilateral angiocardiogram 
showing the patent arterial graft permitting contrast material to enter the right atrium (unfortunately, 
this channel subsequently thrombosed). The hemiazvgos vein (arrow) is responsible for the left medi- 
astinal mass. (F) Tracing of E. (D and F are republished with permission from 7.4. M. 42°) 
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patient,” the cause of the superior vena 
caval obstruction was obscure. It was 
thought to have been secondary to non- 
specific mediastinitis, probably originating 
from mediastinal lymphadenitis. Micro- 
scopic studies of the mediastinal tissues 
removed tor biopsy had failed to show any 
evidence of tuberculosis or Boeck’s sarcoid 
(sarcoidosis). The histologic appearance 
(Fig. 4G) resembled the findings in 3 cases 
of fibrous mediastinitis reported by Ergan- 
ian and Wade. The homograft installed 
for bypass of the vena caval occlusion in 
this case later thrombosed. 

The markedly dilated hemiazvgos and 
collateral veins of the 2 newly reported 
patients (Fig. т, C,D and E; and 2, C,D,E,F 
and G) indicate that the superior vena 
caval occlusions have been long standing. 
In the superior vena caval obstructions due 
to carcinoma of the lung, the collateral 
circulation rarely becomes so plethoric.*-?^ 
28.29 This is probably because vena caval 
occlusion in lung cancer is often a dire and 
terminal sign; the patient apparently dies 
before there is time for large collateral 
channels to develop. 

Barrett? proposed that idiopathic medi- 
astinal fibrosis be considered an entity 
pathologically akin to retroperitoneal fibro- 
sis,’ pseudotumor of the orbit, and possibly 
to Riedel’s disease in the thyroid gland. 
Although chronic fibrous mediastinitis and 
superior vena caval obstruction have re- 
cently been attributed to histoplasmo- 
s. 5,55 it would seem that in most cases the 
etiology cannot be determined. Since by- 
pass and replacement grafts have throm- 
bosed and failed to correct vena caval 
occlusion, surgery has not been effective.” 
Superior vena caval occlusion due to medi- 
astinal fibrosis is apparently a self-limiting 
disease, wherein the signs and symptoms of 
superior vena caval obstruction are miti- 
gated by the development of an adequate 
collateral circulation. 


SUMMARY AND CONCLUSIONS 


Dilated, tortuous hemiazygos veins as- 
sociated with superior vena caval occlusion 
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Fic. 4. (G) Histologic section (H. & E. stain X 250) 
of mediastinal biopsy tissue showing the extensive 
fibrous reaction. 


should be considered in the differential 
diagnosis of left mediastinal masses. Four 
patients with vena caval occlusion. and 
dilated hemiazvgos veins, 2 previously de- 
scribed and 2 recently observed, showed 
shadows in the left mediastinum on the 
conventional roentgenograms. Clinically, 
all the patients exhibited the signs and 
symptoms that have become known as the 
superior vena caval syndrome: swelling of 
the face, arms and upper thorax, dizziness 
and headache, and highly elevated venous 
pressures in both arms. Angiocardiography 
provided the definitive diagnosis bv reveal- 
ing superior vena caval occlusions and the 
plethoric and widely dilated hemiazygos 
system. 

Conservative medical treatment with 
anticoagulant therapy when indicated 
rather than surgical intervention is recom- 
mended for patients with superior vena 
caval occlusions due to idiopathic medi- 
astinal fibrosis and/or thrombosis. Usually, 
with passage of time, the development of 
collateral channels alleviates the symptoms 
of the vena caval obstruction. Furthermore, 
homograft and plastic prostheses for by- 
passing superior vena caval occlusions have 
proved ineffectual because of the develop- 
ment of thromboses. 


The New York Hospital—Cornell Medical Center 
525 East 68th Street 
New York 21, New York 
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ADDENDUM 


Since this paper was submitted for pub- 
lication, Р. F. Partington (Diffuse idio- 
pathic fibrosis, 4m. F. Surg., 1961, ТОТ, 
239—244) has reported the case of a thirty- 
nine year old man with mediastinal and 
retroperitoneal fibrosis who had extensive 
venous thrombosis and collateral venous 
circulation. Partington, too, favors the idea 
that idiopathic fibrosis of the thoracic and 
abdominal cavities are clinical entities.? 
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EXPERIMENTAL CORONARY ARTERIOGRAPHY 
USING ROENTGENOGRAPHIC MAGNIFICATION * 


By TIMOTHY TAKARO, M.D., STEWART M. SCOTT, M.D., and WILLIAM H. SEWELL, M.D. 
With the technical assistance of 
EDGAR Т. GREENE, ЕТ.А., and CLARENCE D. BOONE, F.T.A, 


OTEEN, NORTH CAROLINA 


ECENT efforts to improve the techni- 
cal quality and thus the diagnostic 
value of coronary arteriograms have in- 
cluded the use of specially designed timing 
devices for injection of contrast media! 9:21? 
specially designed catheters,^?^99?9! aortic 
and caval occlusion,®"'!® temporary asys- 
tole, 3:19)»15 eineangiography?*2539 and di- 
rect cannulation of the coronary arteries at 
open thoracotomy.’ Indeed, Portsmann and 
Kokkalis'® have stated that “no further 
improvements are required in the technique 
of coronary arteriography in dogs." How- 
ever, the published reproductions of even 
experimental coronary arteriograms are 
often incomplete and unsatisfactory, espe- 
cially with regard to details of fine radi- 
cles.5/5777 Yet it is essential to have ac- 
curate information both experimentally, in 
evaluating various techniques for improv- 
ing coronary circulation, and clinically, in 
assessing coronary occlusive disease. 

In an effort to enhance detail in coronary 
arteriograms, the technique of roentgeno- 
graphic magnification was utilized. This 
technique was made possible by the devel- 
opment of roentgenographic tubes with 
very fine focal spots (0.3 mm. or less) in the 
past decade. Use of this technique has been 
limited to the detailed study of bones, 
joints, soft tissue calcification, and the lung 
parenchyma. To our knowledge, it has 
not heretofore been applied to arteriog- 
raphy. 


METHOD 


Two groups of mongrel dogs weighing 
between 9 and 18 kg. were anesthetized 
with pentobarbital and intubated. The 
































Fic. r. Diagram of arrangement used to obtain 
roentgenographic magnification of coronary ar- 
teries in the experimental animal (see text). 


animals in the first group were placed left 
side down on a radiolucent table top,* the 
ends of which rested upon two simple 
supports placed on either end of an ordi- 
nary horizontal roentgenographic table 
(Fig. 1). Since the height of the supports 
was adjustable, the distance between the 
table top on which the animal lay and the 
roentgenographic table below could be 
varied. Leads from an electrocardiograph 
were attached to the animal's limbs. A test 
film for technique and position was ex- 
posed, developed and examined. 

The right carotid artery was exposed in 
the neck of the animal and a large size (No. 
9, 10, or 11) N.I.H.f catheter with a curve 


* Schónander Elema roll top table. 
T U. S. Catheter and Instrument Co., Glen Falls, New York. 


* From the Cardiopulmonary Research Laboratory and the Radiology Service, Veterans Administration Hospital, Oteen, North 
Carolina. This study was supported in part by a grant from the American Heart Association. 
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near the tip was passed retrograde into the 
ascending aorta. The curve on the tip of the 
catheter was maintained in some instances 
by a stiff, previously curved stylet, which 
was withdrawn when the catheter tip was 
in the proper position. When the tip of the 
catheter was felt to impinge upon the aortic 
valve, identifiable by vigorous transmitted 
pulsations, it was pulled back slightly (less 
than 1 cm.). Fluoroscopy was ordinarily 
not required for positioning the catheter. 

Metacholine chloride* in a concentration 
of 1 mg./1 cc. of saline solution was placed 
carefully into the N.I.H. catheter, the total 
capacity of which was approximately 5 cc., 
and, when all was in readiness, this was 
flushed rapidly through the catheter to pro- 
duce instantaneous temporary asystole. Or- 
dinarily, a dose of 2 mg. of mecholyl was 
adequate to produce from 20 to {О seconds 
of arrest. During asystole, as identified by 
the electrocardiogram, the animal's lungs 
were inflated and held still. Then 10 to 15 
cc. of go per cent hypaque-M was rapidly 
injected through the catheter, using a hand 
syringe, after which serial roentgenograms 
were made. A Gidlund, manually operated, 
high pressure syringef was sometimes 
employed for the injection of radiopaque 
medium. The catheter was flushed out with 
heparinized saline while the films were 
being developed. 

In this first group of animals, theo.3 mm. 
focal spot of a rotating anode double-focus 
roentgen-ray tube was used to make the 
exposures, which were triggered bv a foot 
switch. A simple manual cassette changer 
consisting of a plywood tunnel and plunger, 
attached to the roentgenographic tableon 
which the adjustable supports rested, was 
used to produce multiple exposures. This 
allowed a choice of arteriograms from which 
the best could be selected. The target- 
object distance was adjusted to between 15 
and 20 inches, and the object-film distance 
was set at an equal distance by adjusting 
the height of the supports upon which the 
table top holding the animal rested. The 


* Mecholy! Chloride, Merck, Sharp & Dohme. 
T Westinghouse Electric Corporation. 
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"object" was considered to be a point 
corresponding to half the thickness of the 
animal’s thorax at the level of the heart. 
The technical factors were: 20 ma., 62-72 
kv., one-half second. No grid was used. 
Three exposures were made in rapid succes- 
sion. If technically unsatisfactory arterio- 
grams were obtained due to catheter mal- 
position, or if an additional view was de- 
sired, the animal and/or the catheter was 
repositioned and the procedure was re- 
peated. Otherwise, the catheter was re- 
moved and the carotid artery was ligated. 
After wound closure, the animal was re- 
turned to the kennels for recovery from 
anesthesia and for observation. 

The identical procedure was carried out 
in the second group of animals for compari- 
son, using conventional target-object and 
target-film distances. These animals served 
as controls. In half of them, the same 
manual cassette changer mentioned above 
was used, with the animal lying directly on 
the cassette changer. The 1.5 mm. focal 
spot was employed, with a target-object 
distance of 40 inches. The technical factors 
were: тоо ma., 62-72 kv., one-tenth second. 
No grid was used. In the remaining ani- 
mals, the Schónander cassette changer was 
employed, covered with a Lysholm Scho- 
nander linear grid. The animal lay on the 
Elema roll top table which was placed 
directly on the cassette changer. A 1.5 mm. 
focal spot, and later a 2.0 mm. focal spot, 
was emploved. The target-film distance was 
40 Inches. The technical factors were: 300 
ma., 62-72 kv., one-tenth second. 

Coronary arteriograms in control animals 
(Fig. 2, Æ and В; and 3, A and В) were 
enlarged photographically to the same size 
as the arteriograms made by the roentgeno- 
graphic magnification technique (Fig. 4) for 
comparison of detail, contrast, graininess, 
etc. Wire standards of known diameter 
were exposed simultaneously in some 
studies to estimate the diameter of the 
coronary vessels observed. One set of wires 
was placed atop the animal's chest near the 
heart. The other was placed under the 
animal's chest. 





Vic. 2. (4) Coronary arteriogram obtained from a 15 
kg. animal using mecholyl arrest and 15 cc. of go 
per cent hypaque injected with a high pressure 
syringe. The animal was lying directly on a simple 
manual cassette changer. Steel wire standards 
were placed on top of the animal's chest (upper 
group of wires) and under the animal's chest 
(lower group of wires). The numbers opposite the 
wires indicate the following wire diameters: (1) 
900 и; (2) 450 и; (3) 300 и; (4) 200 и; (5) 150 u; 
and (6) 75 и. Technical factors were: target-film 
distance 40 inches; 100 ma., one-tenth second, 68 
kv., focal spot 1.5 mm., no grid. 

Note the irregularity in the upper descending 
thoracic aorta (near which wire staples of 300 ш 
diameter are visible) in the thoracic aortic anasto- 
mosis. Note also that, although the wires in both 
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RESULTS 

Twenty-one animals were used to obtain 
3! coronary arteriograms. In 8 animals in 
the control group, ten coronary arterio- 
grams using mecholyl asvstole were ob- 
tained, without using the technique of 
roentgenographic magnification. In 10 ani- 
mals, twenty-one coronary arteriograms 
were obtained using mecholyl asystole and 
roentgenographic magnification. These ar- 
terlograms were twice as large as the arteri- 
ograms using ordinarv techniques, making 
possible clear visualization of vessels as 
small as тоо д (9.1 mm.) in diameter. This 
estimate was based upon the known diame- 
ter of the wire standards placed above and 
below the animal's bodv, and on the diam- 
eter of wire staples in the thoracic aorta or 
superior vena cava of some animals.” The 
same detail could not be reproduced by 
photographic enlargement of arteriograms 
made by ordinary techniques, even when 
temporary asystole had been emploved 
(compare Figures 2B and 3B with Figure 
4). 

COMPLICATIONS 


There were no complications attributable 
to the magnification technique itself. Those 
inherent in blind catheterization of the 
ascending aorta, and in producing arrest 
with mecholy] were the only ones encoun- 
tered. One animal expired several hours 
after the procedure, which had required the 
use of an unusually large dose of mecholyl 
(то mg.) as well as succinylcholine chloride 
(anectine) (10 mg.) to control severe 
bronchospasm. This animal was the only 


sets of standards were exactly the same size, those 
placed beneath the animal's chest appear to be 
smaller than those on top of the chest (upper 
group), since the former were closer to the roent- 
genographic film. 

(B) Same coronary arteriogram as in 4, but 
photographically enlarged approximately 2X. 
Note the increased graininess of the print with no 
improvement in the detail of the fine vessels, 
staples, or wire standards. (Compare with Figure 
4) 
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Fic. 5. (4) Coronary arteriogram obtained from an 
18 kg. animal using mecholyl arrest and 15 cc. of 
9o per cent hypaque injected with a high pressure 
syringe. The animal was lying on an Elema roll 
top table placed directly on the Schénander rapid 
cassette changer. The same wire standards were 
used as in Figure 2, 4 and B. Technical factors 
were: target-film distance 40 inches; 300 ma., one- 
tenth second, 74 kv., focal spot 2.0 mm., Lysholm 
Schónander linear grid. 

Note the staples of 300 u wire in two areas an- 
terior to the brachiocephalic artery, representing 
anastomotic lines of a graft interposed in the su- 
perior vena cava, 

(B) Same arteriogram as in 4, but photo- 
graphically enlarged approximately 2X. No im- 
provement in the detail of the vessels, staples, 
or wires can be discerned. (Compare with Figure 
4.) 
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Fic. 4. Coronary arteriogram obtained by the tech- 
nique of roentgenographic magnification from a 
14.5 kg. animal, using mecholyl arrest and 15 cc. 
of go per cent hypaque injected with a high pres- 
sure syringe. The animal lay on an Elema roll top 
table elevated on simple adjustable supports (Fig. 
1). A simple manual cassette changer was em- 
ployed. The same wire standards used in Figures 
2 and 5 were placed above and below the animal's 
chest in the same manner. Technical factors were: 
20 ma., one-half second, 74 kv. The 0.3 mm. focal 
spot was used. The target-object distance was 17 
inches and the target-film distance was 34 inches. 

Note the 300 и diameter wire staples of a su- 
perior vena caval anastomosis in the area between 
the ascending aorta and the lead No. 6. Coronary 
arteries with diameters considerably smaller than 
100 и are clearly visible. (Lead No. 3 in the upper 
right represents the cassette number.) 


one which exhibited disturbing broncho- 
spasm necessitating the use of this drug. 
This complication was probably due to 
inaccurate placement of the tip of the 
catheter. Another animal died when a 
defective catheter buckled in the left ven- 
tricle, with avulsion of the brachiocephalic 
artery on attempting to withdraw the 
catheter. A third animal expired following 
rupture of the subclavian-carotid bifurca- 
tion due to intimal dissection of the carotid 
artery by the catheter. Temporary inver- 


262 


sion of the T-waves was observed in most 
animals following arteriography, with re- 
turn to a normal pattern within a few 
minutes after the procedure. There were no 
instances of generalized convulsions at the 
time of arrest, and anectine was required 
only once, as noted above. 


DISCUSSION 

Wasson”? has been credited with the first 
demonstration of the technique of magnifi- 
cation of the roentgenographic image with 
retention of detail. This was reported in 
1922. It was achieved with the aid of a т 
mm. pinhole diaphragm, and an 18 inch 
film-part distance. The method did not 
gain clinical usefulness apparently until a 
roentgenographic tube with ап ultrafine 
(0.3 mm.) focal spot was developed in 
recent years. 

Since that time, for delineation of detail 
in certain core structures (axial skeleton, 
sella turcica) or for greater clarification of 
detail in bony lesions of the extremities, it 
has been repeatedly and amply demon- 
strated that roentgenographic enlargement 
by means of a tube with a very fine focal 
spot is a much more effective and conveni- 
ent technique than photographic enlarge- 
ment of a roentgenogram,.? 4 9.14.22,23,28,33,34 
This is especially true of those parts which 
cannot be brought close to the roentgeno- 
graphic film because of their central loca- 
tion. Since the heart cannot be in close 
proximity to the film in lateral and oblique 
views, the blurring or unsharpness in the 
original roentgenogram resulting from the 
penumbra effect of a conventional 1.5 mm. 
focal spot is merely increased by optical or 
photographie enlargement. Film grain is 
also magnified, diminishing clarity. Finally, 
photographie enlargement entails several 
additional processes, all of which are elimi- 
nated by direct roentgenographic enlarge- 
ment. 

It should be pointed out that Portsmann 
and Kokkalis'® mentioned the possibility of 
using a roentgenographic tube with a fine 
focal point to delineate fine coronary radi- 
cles, but they did not mention the possi- 
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bility of roentgenographic magnification, 
which this type of tube makes possible. It 
appears that the maximum useful enlarge- 
ment that can be obtained with the 0.3 mm. 
focal spot is 2X ;? however, Takahaski and 
others,” using a roentgen tube with an 
autobiased focal spot of under 0.15 mm., 
have produced useful magnification up to 
4X and 5Х. 

Due to the small size of the fine focal 
spot, however, the maximum permissible 
current, at the necessary kv., is 20 ma. 
Extremely rapid exposure times necessary 
to stop cardiac motion are thus ruled out. A 
relatively long exposure time (one-half 
second) must be used. This makes induced 
temporary asvstole mandatory, if this tech- 
nique is to be applied to coronary arteriog- 
raphy. No real problem is posed in the 
experimental animal. Clinically, Arnulf 
and Lehman e£ al. have shown that coro- 
nary arteriography using induced tempo- 
rary asystole is safe and practical. Most 
workers in this country, however, have pre- 
ferred not to arrest the diseased or healthy 
heart, in spite of this evidence. 

It is possible that, when significant surgi- 
cal relief can be offered to patients with 
coronary heart disease based upon accurate 
preoperative roentgenographic appraisal of 
the coronary vessels, the risk of performing 
coronary arteriography with induced ar- 
rest and roentgenographic magnification 
will be acceptable, if maximal detail is 
required. 

Another minor disadvantage of the 
method is that the use of fluoroscopy to 
position. the catheter in the ascending 
aorta 15 inconvenient. With experience in 
the animal, the frequency of successful 
catheterization of the ascending aorta with- 
out the aid of fluoroscopy is high. Pressure 
tracings obtained through the catheter can 
also be used to guide withdrawal of a cathe- 
ter which has entered the left ventricle, and 
thus assist in placing the catheter in the 
proper position. 

The technique of roentgenographic mag- 
nification should be useful experimentally 
and clinically where very fine arterio- 
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graphic detail is sought. The experimental 
field of fine vascular anastomoses, and the 
clinical field of visceral, and especially 
renal, arteriography suggest themselves as 
applicable to this technique. 

Roentgenographic magnification is very 
conveniently adapted to cineangiographic 
techniques. A study of coronary cinearteri- 
ography using such a technique will be the 
subject of a subsequent report. 


SUMMARY 


The well-known technique of magnifica- 
tion of the roentgen-ray image with the use 
of a roentgenographic tube with an ultra- 
fine focal spot, and with target-object and 
object-film distances approximately equal, 
has been successfully applied to experi- 
mental coronary arteriography. There was 
much greater clarity of detail and much 
better contrast than that obtainable by 
photographic enlargement to a comparable 
size of arteriograms taken with conven- 
tional techniques. Vessels with lumina as 
small as 100 и or less could be visualized 
readily. Other experimental and clinical 
applications are suggested. 

Timothy Takaro, M.D. 
Veterans Administration Hospital 
Oteen, North Carolina 
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PERCUTANEOUS ARTERIAL CATHETERIZATION 
AND ITS APPLICATION 


By KURT AMPLATZ, M.D. 


MINNEAPOLIS, MINNESOTA 


Г THE American medical literature few 

papers have appeared dealing with per- 
cutaneous arterial catheterization using 
Seldinger’s method. This ingenious, closed 
technique enables the radiologist himself to 
carry out the procedure. In addition, obvi- 
ous improvement in the results is obtained. 
It is the purpose of this paper to create 
more interest in and to familiarize the 
radiologist with its wide range of applica- 
tions. Technical details, a simplification of 
the original technique, and its application 
in 300 examined patients will be discussed. 
Percutaneous catheterization by advancing 
a catheter through a needle is well known.” 
Because this technique requires large 
needles in order to introduce a catheter of 
adequate size, arterial puncture becomes 
dificult and hazardous. As a result, this 
method has not become popular for roent- 
genographic procedures, although it is still 
used for intravenous administration of 
drugs. In 1953 Seldinger“ described a 
method of percutaneous arterial catheteri- 
zation which allowed the introduction of a 
catheter equal in size to the puncture 
needle. 


PRESENTLY USED TECHNIQUE 


Following the preparation and cleansing 
of the skin, the subcutaneous tissue over- 
lying the artery is infiltrated with a local 
anesthetic. A 3 mm. "nick" is made through 
the skin and subcutaneous tissue with a 
No. 11 knife blade in order to decrease 
friction of the needle and catheter. An 
arterial needle is advanced through the 
subcutaneous tissue, and an attempt is 
made to feel the pulsating arterial wall with 
the needle tip. As soon as the artery is 
located, it is pierced with a jabbing motion. 
The needle is advanced in the artery to 
secure a correct intravascular position. A 
guide wire with a soft flexible tip (stainless 


steel, guitar string,’ or nylon guide") is 
introduced through the needle into the 
artery. The needle is withdrawn and man- 
ual compression is applied at the puncture 
site, in order to prevent bleeding around the 
guide. A snugly fitting catheter is threaded 
over the guide wire through the subcutane- 
ous tissues and arterial wall into the arterv. 


EQUIPMENT 
A. NEEDLE 


A correct intraluminal position of the 
needle in the artery is of paramount impor- 
tance. Subintimal or subadventitial passage 
of the stylet is not uncommon unless the 
needle is advanced in the arterv. Experi- 
ence has shown that intra-arterial advance- 
ment of the puncture needle is best accom- 
plished by combining Seldinger's double 
needle with a blunt obturator. The outer 
needle is made from Teflon. The antifric- 
tional properties of this semirigid, auto- 
clavable plastic make it an excellent needle 
material. 

The arterial wall is located with the 
needle tip and punctured with a short 
"Jab." (Fig. 1). Puncture of both arterial 
walls usually cannot be prevented (A). The 
sharp stylet of the inner needle is removed 
and the needle is slowlv withdrawn until 
blood flows freely from the inner wide 
lumen 18 gauge needle (B). Now the inner 
needle is removed, and a blunt obturator is 











Fic. 1. Technique of arterial puncture. 
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Outside Inside ТВ Hypaque 
Diameter Diameter р | go Per Cent 
н к ressure ЖИЕ 
(mm.) (mm.) (сс./ вес.) 
Radiopaque Catheter (Odman-Ledin, Yellow) 2.8: 1.5 200 lb./in.* 
2.82 2.01 200 Ib. /in.? 


Clear Polyethylene Tubing PX 079 


introduced extending 1 mm. bevond the 
'Teflon needle (C). At this point the needle 
can be easily advanced without perforating 
the wall of the arterv. This is best accom- 
plished bv pushing gently with the thumb 
against the hub of the blunt obturator (D). 
Following the withdrawal of the blunt 
obturator, the guide wire is easily intro- 
duced (E). The described technique of 
arterial puncture has proved helpful for 
peripheral arteriography as well, since the 
possibility of "sheathograms" is almost 
completely eliminated. With the stylet 
passing through the Teflon needle (16 
gauge), large catheters can be introduced, 
making the use of larger puncture needles 
and larger stylets superfluous. 
B. CATHETER 

For this procedure radiopaque or non- 
opaque polyethylene tubing may be used. 
Ödman! has shown that polvethylene is 
superior to other catheter materials, since it 
does not lose its shape at body temperature. 
Anv curvature can be given to the catheter 
tip bv forming it in boiling water. 

 Radiopaque polyethylene catheters have 
the obvious advantage of being visible at 
fluoroscopy. They are, however, thick 
walled, resulting in much slower flow rates 
as compared with clear polyethylene tub- 
ing. Table 1 gives the flow rates obtained 
through a yellow Odman-Ledin catheter as 
compared to those with a clear tubing 
PX 079.* In spite of the slightly larger 
outside diameter of the opaque catheter, 
only hal? as much contrast medium can be 
injected per unit time. The advantage of 
radiopacity is offset by the high resistance 


* Becton, Dickinson, and Company, Rutherford, New York. 





Fic. 2. (а) Diagram showing a simple system which 
allows fluoroscopic observation of the nonopaque 
catheter. (6) Diagram showing how a change of 
extension of the stylet causes straightening of 
catheter tip. 


which makes this гуре of catheter impracti- 
cal for aortography and left ventriculog- 
raphy. 

Nonopaque polyethylene tubing can be 
visualized on fluoroscopy by leaving the 
guide wire in place (Fig. 24). A semitrans- 
parent Teflon tubing (A) Т is attached to the 
catheter bv an adaptor (B), allowing ob- 
servation of the stainless steel guide wire 
which remains in place during catheteriza- 
tion. The stvlet is measured against the 
length of the catheter and tubing; a piece of 
umbilical tape (C) 15 tied about the Teflon 
tubing to mark this point. The entire 
system is flushed through a stopcock (D) 
with heparinized saline solution. By discon- 
necting temporarily the coupling (B), the 
stylet can be advanced beyond the catheter 
tip. By so doing the stiffening wire in the 
spring stylet tends to straighten the cathe- 


T Franklin X-ray Company, Philadelphia, Pennsylvania. 
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ter. This is one of the main advantages over 
standard heart catheters which have a fixed 
curvature (Fig. 27). Prior to injection the 
gulde wire is removed. 

Even large catheters (РЕ 260 or PX 079) 
can be introduced with a stylet passing 
through the described Teflon needle. This is 
onlv possible if the catheter tip fits snuggly 
around the guide wire. To make such a 
catheter, a guide wire is introduced into a 
piece of polvethylene tubing, and a hemo- 
stat is applied to the end of the tubing 
which is forcefully stretched (Fig. 3). Bv 
holding the tip of the stylet firmly with the 
index finger and thumb of the other hand, it 
is possible to produce a "snout-like" ending 
which is cut off with a razor blade at the 
point of greatest constriction. Several side 
holes are bored into the catheter tip with a 
sharp No. 18 or 2c gauge tubing, to mini- 
mize the forward Jet and consequent recoil 
during injection. 

Heat sterilization is not possible, which is 
one of the disadvantages of the polveth- 
ylene catheters. Ethylene oxide or one of the 
commercially available liquid germicidal 
solutions is, therefore, used. The catheters 
are best sterilized in a straight position in a 
large plastic or glass tubing. Six hundred 
catheterizations have been carried out, each 
with catheters sterilized by Detergicide*, 
without observing evidence of local or 
generalized infection. 

C. ROENTGENOGRAPHIC EQUIPMENT 

For visualization of the abdominal aorta 
and iliac arteries, for renal and femoral 
arteriography, and for visualization of the 
brachycephalic vessels, standard tables 
with Bucky diaphragms are used. In fact, 


best roentgenograms are obtained with 
standard equipment. In cooperative pa- 


tients a high milliampere setting with a long 
exposure time (one-half to one second) 
results in excellent visualization of large 
arteries and capillaries on one single roent- 
genogram. Evaluation of aortic insuff- 
ciency or demonstration of coronary arter- 





* U. S. Catheter & Inst. Corporation, Glens Falls, New York. 
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Fic. 3. Photograph showing the stretching of the 
catheter over the stylet according to the Swedish 
school. 


ies or intracardiac defects requires fast 


exposures, preferably by a biplane serio- 
graph or cine-equipment. 
D. INJECTION APPARATUS 

The use of a power injector is mandatory 
whenever fast injections are required, as for 
coronary arteriography or visualization of 
the aortic arch. Most of the other examina- 
tions can be carried out by hand if catheters 
of adequate size are employed. A power 
injector for low pressure injections (fe- 
moral, cerebral, renal, and brachial arteri- 
ography) has the advantage of automatic 
timing, thereby protecting the operator 
against excessive radiation. The commer- 
cially available equipment is bulky and 
cumbersome in operation which warranted 
the construction of more versatile injec- 
tors.^? 

APPLICATIONS 
1. PERIPHERAL ARTERIAL OCCLUSIVE DISEASE 


For the vascular surgeon femoral arteri- 
ography is probably the most important 
diagnostic method for evaluation of periph- 
eral arterial disease in the lower extremities. 
Demonstration and localization of a vascu- 
lar block in addition to visualization ot 
adequate run-off vessels are of paramount 
importance. In several cases occlusive 





Fic. 4. Severe narrowing of the left iliac artery in a 
patient with peripheral occlusive disease of both 
femoral arteries. This was not clinically suspected. 


disease of the femoral arteries was associ- 


ated with narrowing or even thrombosis of 


the iliac arteries and was not suspected 
clinically. (Fig. 4); therefore, visualization 
of the iliac arteries has become an integral 
part of femoral arteriography. 
severe generalized atheromatosis, no ather- 
omatous plaques have been dislodged by 
this procedure in a large group of patients. 
A small soft catheter (PE 200) should be 
used, and the iliac artery and abdominal 
aorta should be gently "explored" with an 
extremely flexible stylet in which the stif- 


fening wire has been replaced by a cable. If 


this guide can be passed without resistance 
into the abdominal aorta, a catheter may be 
threaded over the guide wire without 
danger. Even with this very soft stylet, it is 
sometimes impossible to reach the abdomi- 
nal aorta either because of the extreme 


tortuosity of the iliac arteries or because of 
obstructing plaques at the bifurcation. If 


the abdominal aorta cannot be reached, an 
attempt from the other femoral artery is 
usually successful. 

By injecting 20 to 30 cc. of contrast 
medium through the catheter above the 
bifurcation, both femoral arteries can Бе 
successfully opacified. This technique is 
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helpful in visualizing severely diseased 
femoral arteries or grafts which cannot be 
punctured directly. 


2, RENAL ARTERIOGRAPHY 


Retrograde percutaneous — catheteriza- 
tion Is the procedure of choice for visualiza- 
tion of the renal arteries. The obvious 
advantage over the translumbar approach 
is the possibility of adequate positioning 
and re-positioning of the catheter, using 
small test injections or fluoroscopic control. 
The ideal renal study is one in which the 
branches of the celiac axis are not opacified, 
but the renal arteries are well filled. Since 
the percutaneous introduction of a catheter 
requires an open end, a forceful injection 
tends to opacity the celiac axis and the 
superior mesenteric arterv in spite of nu- 
merous sideholes and an ideal position of the 
catheter at the level of the renals (Fig. 5). 
Furthermore, the catheter tends to recoil 
during the injection if higher pressures are 
used. This difficulty can be partially over- 
come by the use of the ring catheter, as 
recently suggested bv Williams e£ af.” for 
coronary arteriography. Numerous lateral 
side holes in the ring direct the jet of con- 
trast medium downward and against the 
aortic wall where the highest concentration 
of opaque medium is desirable. An addi- 





Fic. 
with hypertension. Arca of coarctation of the right 


5. Renal arzeriogram of a two year old patient 


renal artery is difficult to identify because of 
dense filling of other overlying arterial branches. 






I. No Recoil 
2. Eddies Slowing Flow 
3. Jet Against Lot. Woli 


4" Fixation" Of Catheter 


Fic. 6. Diagrams showing some of the advantages of 
the ring catheter over the standard end-open 
catheter in renal arteriography. 


tional advantage of this catheter is the lack 
of recoil and self fixation during the injec- 
tion (Fig. 6). Twenty to thirty cubic centi- 
meters of $0 per cent hvpaque are delivered 
through a catheter (PE 240 or PE 260) by 
means of a power injector. 

In cases where unilateral renal disease is 
suspected, selective renal arteriography is 
the procedure of choice.* 7-5 The homolat- 
eral femoral artery is used for percutaneous 
catheterization, and a 240 polyethylene 
catheter with a sharply curved tip is intro- 
duced. The guide wire remains in place for 
fluoroscopic observation of the catheter, 
which is manipulated close to or selective- 
ly into the renal artery. Only & cc. of 
contrast medium is injected under low 
pressure, and excellent anatomic detail of 
the renal arterial tree is obtained (Fig. 7). 
Using this technique the celiac axis, supe- 
rior mesenteric, orother abdominal branches 
can be catheterized selectively (Fig. 8, a 
and 2). 


3. CEREBRAL ARTERIOGRAPHY 


Visualization of the entire vertebral 
artery and its intracranial circulation has 
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Fic. 7. Normal selective renal arteriogram with 
good vascular detail. 


become of increasing diagnostic importance 
during the past few vears. Direct vertebral 
puncture will not result in the demonstra- 
tion of the take-off of the vertebral artery 
from the subclavian artery, which is of 
diagnostic importance in older patients 
with occlusive arterial disease. By catheter- 
izing the brachial artery in the antecubital 
fossa, a small catheter (PE 200 or PE 205) 
can be advanced into the subclavian artery 
to the take-off of the vertebral artery.'? In 
vounger patients the left vertebral artery 
can be easily catheterized selectively via 
the femoral artery." A straight catheter 
(PE 205) is introduced into the femoral 
artery and advanced under fluoroscopic 
control into the left subclavian and verte- 
bral arteries. Only the left vertebral artery 
can be entered (Fig. 9, 4 and 4). In older 
arteriosclerotic patients with uncoiling of 
the aorta, the brachial route is to be pre- 
ferred. 
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Fic. 8. (a and 4) Arteriograms made with selective injection of the enlarged superior mesenteric artery 
showing numerous collaterals feeding the common hepatic artery. Note occlusion of the celiac axis (arrow 


in 2). 


4. THORACIC AORTOGRAPHY 

Aortic valvulography has become the 
most important and most reliable procedure 
for evaluating aortic insufficiency. Experi- 
ence has shown that a considerable degree 
of aortic regurgitation mav be present with- 
out a murmur. 

A large catheter (РЕ 260 or preferably 
PX 079) with a curved tip and numerous 
side holes 1s used. Ideally, the catheter tip 
Is positioned approximately 1.5 to 2 ст. 
above the aortic valve plane and a fast 
injection of 35 to 40 cc. of contrast medium 
is made with a power injector. The indica- 
tions for aortography are listed in Table и. 


S. CORONARY ARTERIOGRAPHY 


Good visualization of the coronary ar- 
teries is one of the most difficult angio- 
graphic procedures, especially in the pres- 
ence of coronary arterial disease and conse- 
quently decreased flow. Excellent filling of 
the coronary artery with minute anatomic 
detail is obtained by selective catheteriza- 
tion. A simpler technique is the use of a ring 
catheter which allows the delivery of con- 
trast medium close to the origin of the 


coronary arteries during systole and dias- 
tole. A PX 079 tubing is used and 35 to 45 
cc. of contrast medium is introduced by 
means of a power injector (Fig. 10). 


6. LEFT V ENTRICULOGRAPHY 


One of the most important applications 
of this technique is for the visualization of 


Tasre H 


SOME INDICATIONS FOR AORTOGRAPHY 


1, Suspected extracardiac left to right shunts 
(patent ductus arteriosus, aortic pulmonic win- 
dow, coronary fistula, ruptured sinus of Val- 
salva, etc.) 

2. Evaluation of aortic valvular competence 

3. Aortic valvular stenosis 

4. Interventricular septal defects with high pul- 
monary resistance to exclude patent ductus ar- 


teriosus 

5. Suspected supravalvular aortic stenosis or co- 
arctation 

б. Suspected vascular anomalies about the aortic 
arch 

7. Suspected obstructive disease of the brachio- 
cephalic vessels 

8. Mitral patients considered for open heart sur- 


gery, to exclude associated aortic valvular dis- 
ease 
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Fic. 9. (а and 4) Arteriograms made with selective catheterization of the left vertebral artery via 
femoral artery; & shows arteriovenous malformation below the foramen magnum. 


the left ventricle in acquired and congenital 
heart disease. The technique and results of 
this procedure have been reported previ- 
ously.-*7 Its indications are listed in 
Table ш. A curved catheter (PX 079 or 
PE 260) containing a guide wire is passed 
easily around the aortic arch without enter- 
ing the brachiocephalic vessels. In the 
ascending aorta the stylet is extended (Fig. 
3) at least 2 cm. bevond the catheter tip so 
as to eliminate possible damage to the 
aortic valve leaflets. In 350 successful 
catheterizations of left ventricles, we have 
seen no evidence of aortic valve perforation. 
By increasing the extension of the stylet, 
the curvature of the catheter can be 
adapted to the individual case, facilitating 
passage through the aortic valve. Forty to 
forty-five cubic centimeters of contrast 
medium are delivered in less than two 
seconds with a power injector. For evalua- 
tion of mitral heart disease, a slower injec- 
tion rate is advisable in order to minimize 


the occurrence of ventricular extrasystoles 
and artificially induced mitral regurgita- 
tion. 


'TaAnrg III 


SOME INDICATIONS FOR LEFT 
VENTRICULOGRAPHY 


1. Evaluation of mitral competence in acquired 

and congenital heart disease 

Evaluation of mitral competence following op- 

erative correction of mitral heart disease 

. Suspected subaortic stenosis 

4. Small interventricular septal defects with 
equivocal findings by right heart catheteriza- 
tion 

ç. Balanced interventricular septal defect not de- 
tected by oximetry 

6. Patent ductus arteriosus with pulmonary in- 
sufficiency or with ventricular septal defects 

7. Complex cyanotic heart lesions with increased 
pulmonary flow 

8. Heart disease with mitral insufficiency mur- 
murs with or without history of rheumatic heart 

disease (Fig. 11). 


t2 
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Vic. то, Coronary arteriogram using a ring catheter 
in a patient with occlusion of the left coronary 


artery and a ventricular aneurysm. Because of 


areas of narrowing in the right coronary artery 
(arrows), surgery was contraindicated. 


CATHETERIZATION IN THE 
PEDIATRIC ACE GROUP 
In children below the age of five, a 
smaller guide wire* passing through a wide 
lumen 20 gauge needle is used. Percutane- 
ous puncture of the artery may require 


considerable skill and experience. One of 


the main difficulties encountered is arterial 
spasm. À minute amount of sterile mineral 
oll on the catheter has proved helpful in 
preventing excessive friction of the catheter 
during arterial spasm. The youngest chil- 
dren successfully catheterized were two 
vears of age. 


COMPLICATIONS 


Large series of percutaneous catheteriza- 
tions have been reported without major 
complications in the European medical 
literature.’ Our experience consists of 300 
cases. The complications occasionally. en- 


* Nedmac, Inc., 708 42nd Ave. N., Minneapolis 12, Minnesota. 
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“IG. 11: 


Patient with a short history of cardiac 
failure and an unexplained mitral insufficiency 
murmur. Left ventriculogram demonstrates mitral 
regurgitation and a large myxoma. (Proved at 
surgery.) 


countered are bleeding during catheteriza- 
tion, hematoma following withdrawal of the 
catheter, and thrombosis of the catheter- 
ized artery. The use of a small stylet and 
relatively large catheter eliminates bleeding 
around the catheter during catheterization. 
Following the withdrawal of the catheter, 
hemostasis is accomplished by manual 
compression of the puncture site for ten to 
fifteen minutes. During the first few min- 
utes compression should be intermittently 
above systolic blood pressure. Slight mas- 
saging of the puncture site facilitates 
hemostasis, which is accomplished chiefly 
by contraction of the elastic arterial wall. 
Moderately sized hematomata have ос- 
curred in 3 per cent of the examined cases, 
mostly due to inadequate compression of 
the puncture site following withdrawal of 
the catheter. On one occasion a rather large 
hematoma formed in the pre-peritoneal 
space with some extension into the scrotum; 
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Fic. 12. Tip of broken guide wire lying in adventitia 
of femoral artery; extravascular passage of the 
guide wire was due to insufficient advancement of 
the arterial puncture needle. 


it was due to a high puncture of the femoral 
artery above the ligament, making manual 
compression of the artery difficult. The 
hematoma decreased rapidly in size and no 
further intervention was necessary. 

After hemostasis is accomplished, a com- 
pression bandage 1 applied and bed rest for 
several hours is recommended. Preferably, 
o'der patients should be kept overnight in 
the hospital for observation since bleeding 
from the puncture site may occur several 
hours following catheterization. 

А more serious complication is the forma- 
tion of a thrombus at the puncture site. 
This has occurred in 4 patients, twice in the 
brachial artery and twice in the femoral 
arzery. In all 4 instances there was marked 
arterial spasm, making catheterization ex- 
tremely difficult and also prolonging the pro- 
cecure. Thrombosis of the brachial artery 
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is usually of no consequence, since excellent 
collaterals are present. The other 2 patients 
with suspected femoral artery thrombosis 
were observed for several hours in order to 
exclude the possibility of arterial spasm, 
which is rather common following catheter- 
ization procedures. When the peripheral 
pulse did not return, the femoral artery was 
explored by the vascular surgeon, who 
found a thrombus at the puncture site in 
both instances. The thrombi were success- 
fully removed and no permanent sequelae 
ensued. 

During catheterization, the catheter 
should be flushed with heparinized saline 
solution (4 cc. of heparin per тоо cc. of 
saline for adult patients). If arterial spasm 
is present, 2 cc. of procaine or papaverine 
may be injected prior to withdrawal of the 
catheter in order to release the spasm. 

On one occasion the flexible tip of the 
guide wire broke off; this occurrence has 
also been reported by other authors.® In 
this particular instance the guide wire could 
not be advanced in the artery. Upon with- 
drawal, it was noted that the flexible tip 
was missing. An anteroposterior roentgeno- 
gram of the pelvis revealed a metallic 
foreign body in the region of the groin (Fig. 
12). On surgical exploration the tip was 
found superficially in the adventitia of the 
femoral artery. 

Paravascular passage of the guide wire 
and catheter is not uncommon, especially in 
older arteriosclerotic patients. Inadequate 
insertion of the puncture needle is usually 
the cause. An extravascular passage of the 
catheter can be recognized immediately 
since there is no backflow of blood. Usually, 
there is also mild pain. In patients with 
severe atheromatosis, an extremely flexible 
guide wire should be passed gently into the 
abdominal aorta to serve as a guide for the 
following catheter; otherwise, the relatively 
sharp tip of the catheter may engage itself 
underneath an atheromatous ulcer and 
extravascular passage may occur. Figure 13 
shows such a case where contrast medium 
was Injected into the sheath of the abdomi- 
nal aorta. In spite of the extensive "sheath- 


ony, 
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Fie. 13. Arteriogram mace with injection of the 
contrast medium into the aortic sheath in a patient 
with occlusion of the right iliac artery. In this 
case the soft guide wire was not advanced into the 
abdominal aorta, and extravascular passage of the 
catheter occurred at the bifurcation. 


ogram,” the patient was operated on the 
following day and a rather large paravascu- 
Jar hematoma was found. Following sur- 
gery, infection ensued which may be in part 
attributed to the presence of the hema- 
toma, 

On several occasions the wall of the left 
ventricle was partially perforated with the 
tip of the catheter. This can be readily 
recognized by a manual test injection under 
fluoroscopic control using 5 to 10 cc. of 50 


per cent hypaque. Га persistent “stain” of 


contrast medium is visualized, the intra- 
muscular position of the catheter tip 18 
certain. The catheter has to be withdrawn 
or re-positioned until a free flow of contrast 
medium is obtained. If this precaution is 
observed, intramuscular injections with the 
power injector can be prevented entirely. 
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DISCUSSION 


Percutaneous, arterial, or venous cathe- 
terization is a simple technique with a 
wide range of applicability in ditferent fields 
of diagnostic radiology. The described 
introduction of a large catheter by means of 
a relatively small stylet has advantages 
over the original technique. Arterial punc- 
ture is considered less traumatic to the 
artery and, furthermore, the bleeding 
around the catheter during the procedure 1s 
minimized. Following withdrawal of the 
catheter, hemostasis is accomplished more 
easily. The advantage of radiopaque polv- 
ethylene tubing is minimized by its rela- 
tively thick wall and consequently re- 
stricted flow. By leaving the guide wire in 
place, nonopaque polyethylene catheters or 
thin-walled Teflon catheters can be success- 
fully visualized and manipulated under 
fluoroscopy. 

Percutaneous introduction of the cathe- 
ter is considered to be safer than catheteri- 
zation bv arteriotomy. In a large group of 
patients, left ventriculography was carried 
out by surgical exploration of the femoral 
artery. This was associated with local com- 
plications up to 8 per cent, depending on 
the skill of the operator. So far, the local 
complication rate of the percutaneous 
technique 1s only 1.3 per cent, and no 
persistent serious complications were ob- 
served. The main advantage of the closed 
technique is the uninterrupted blood flow 
through the catheterized artery. Conse- 
quently, there is no stasis during catheteri- 
zation, and the formation of a thrombus is а 
relatively rare occurrence. If arterial spasm 
is present, a localized thrombus may form 
and the aid of a vascular surgeon тау be 
required. Since arterial spasm is related to 
catheter size, this complication is more 
common 1f large catheters are introduced. 


SUMMARY AND CONCLUSION 


1. Arterial or venous percutaneous cath- 
eterization is considered to be a safe and 
useful procedure which is preferably carried 
out by the radiologist. 
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2. The procedure has a wide applicability 
in renal arteriography, abdominal aortog- 
raphy, left ventriculography, thoracic aor- 
tography, cerebral angiography, and pe- 
ripheral angiography. 

3. The introduction of an adequately 
sized catheter is possible by means of a 
relatively small needle, making arterial 
cut-downs obsolete. 

4. Three hundred patients have been 
examined, and no major complications have 
occurred. 

5. Percutaneous arterial catheterization 
should not be regarded as an office proce- 
dure since minor complications may occur 
and surgical assistance may be necessary. 


Department of Radiology 
University of Minnesota 
The Medical School 
Minneapolis 14, Minnesota 
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THE USE OF PERCUTANEOUS TRANSFEMORAL 
AORTOGRAPHY TO DIAGNOSE ABNORMAL- 
ITIES OF THE RENAL ARTERIES* 


By JAMES M. STOKES, M.D., 


and ERIK CARLSSON, М.р, 


ST. LOUIS, MISSOURI 


ENAL arterial and aortic disease is the 
cause of hypertension in a small but 
significant percentage of patients with this 
condition. The diagnosis of hypertension 
related to reduced renal blood flow and 
unilateral parenchymal disease is of impor- 
tance because in many of the cases perma- 
nent relief can be effected by operation. 
Renal aortography is the procedure by 
which the most accurate evaluation of these 
patients can be made. Some of the unilat- 
eral renal lesions and abnormalities of the 
aorta and renal artery which are associated 
with hypertension and a description of the 
technique of serial renal aortography (the 
Seldinger technique?) and its merits are 
presented. 


TECHNIQUE OF PERCUTANEOUS 
TRANSFEMORAL AORTOGRAPHY 
(SELDINGER’) 


The skin is cleansed and local anesthetic 
is injected about the common femoral 
artery. A Seldinger needle (No. 205) is 
passed through the skin and the femoral ar- 
tery is punctured. Both walls of the femoral 
artery are punctured and the stylet is re- 
moved. The open end of the needle is then 
slowly pulled into the femoral artery. As 
soon as a strong pulsating stream of blood 
comes out of the needle, the middle part of 
the needle is removed and the outer cannula 
(Fig. 1) is pushed approximately 3 cm. 
proximally into the femoral artery lumen. 
The unobstructed flow of blood through the 
needle indicates that the tip of the needle 
remains in the vessel. When the needle has 
been passed into the arterial lumen to the 
level of the guard (4-5 cm.), the stylet is 
replaced and the polyethylene tube is 


prepared for insertion. The guide is a flexi- 
ble metallic wire which replaces the needle. 
We have found that the guide needs to be 
introduced only a few centimeters into the 
artery before the needle is withdrawn. As 
the needle is removed, the femoral artery 
should be compressed to prevent bleeding 
about the guide until the polyethylene tube 
(the outer diameter of which is the same as 
that of the needle) can be threaded over it 
into the artery. The guide wire is removed 
when $ or 6 cm. of the plastic tube lies in 
the arterial lumen. The polyethylene tube 
is then pushed up into the abdominal aorta. 
Any obstruction of it is immediately appar- 
ent by cessation of blood flow through the 
tube. The possibility of dislodgement of 
atheromatous plaques is reduced by passing 
only the soft plastic catheter without the 
guide wire. This is particularly important 
in patients with clinical evidence of arteri- 
osclerosis affecting the abdominal aorta. 
To avoid the possibility of penetrating the 
arterial wall, the semi-rigid guide wire is 
used only to guide the introduction of the 
plastic catheter. 

The catheter is removed after renal 
arteriograms are made and pressure is 
maintained for five minutes over the punc- 
ture site. In our experience there has been 
no instance of hematoma, infection or 
continued bleeding serious enough to re- 
quire treatment or prolong the hospital 
stay despite the fact that all of the patients 
have had diastolic blood pressure above 
roo mm. Hg. The method has been success- 
fully used in children, eleven years and 
older, without the usual operative exposure 
of the artery. In small children an open 
procedure is preferable. The exact position 


* From the Department of Surgery and Department of Radiology, Washington University School of Medicine, St. Louis, Missouri. 
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Fic. т. (a) The Seldinger needle lies within the arterial lumen; (b) the inner stylet is removed to demonstrate 
flow; (c) the middle needle is removed to allow passage of the smooth surfaced cannula without damage to 
the arterial intima; (d) the flexible guide is inserted through the cannula; (e) the cannula is removed; 
(f) the plastic catheter is passed over the guide wire into the artery; (g) the catheter is in place and can 


be passed into the aorta. 


of the tip of the catheter is determined by 
fluoroscopy after injection of a small 
amount of the contrast medium.* The tip 
should be left at the level of the renal 
arteries. The injected contrast medium also 
serves as a test dose for hypersensitivity 
before the main injection is performed. The 
patient is positioned over the 14X14 inch 
Schónander film changer loaded with 20 
films. The exposure rate is 4 per second for 
two seconds and 2 per second for six sec- 
onds. With this rate the optimal visualiza- 
tion of the visceral arteries is obtained. The 
arterial and venous phases of the nephro- 
gram are also obtained. Diatrizoate (hy- 
paque 50 per cent) was used. The amount 


* Fluoroscopy is not essential for renal arteriography. The 
length of the catheter may also be determined by measuring the 
distance from the groin to the xiphoid process. This will ensure 
visualization of all abdominal aortic branches. 


injected varied between 20 and до ml., 
depending upon the size of the patient; as 
little as 10 ml. is sometimes sufficient. For 
the injection we have utilized the Gidlund 
mechanical syringe with the injection pres- 
sure of 4 kg./cm.? However, hand injection 
also produces satisfactorv arteriograms if a 
mechanical device is not desired. 

Figures 2 through g illustrate the tv pes of 
abnormalities which can be diagnosed and 
the value of arteriograms in planning cor- 
rect therapy. 


DISCUSSION 


The diagnosis of renal vascular lesions 
associated with hypertension usually is 
based on abnormalities revealed by intra- 
venous pyelography, individual renal func- 
tion studies, urinalysis, and aortography 
when disease in the renal artery is demon- 





strated. In some instances the diagnosis is 
suggested by absence of function, or abnor- 
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Fic. 2. W. B., male aged $3. The blood pressure of 
this patient was 240/140 for a duration of one 
vear. Pheno:su.fonphthalein excretion was 20 per 
cent at 15 minutes. Urine catecholamine test was 
within normal limits and the phentolamine (regi- 
tine) test was negative. An intravenous pyelogram 
showed a decreased density of the left nephrogram. 
Aortogram shows a stenosis of the left renal artery 
(1) and a post-stenotic aneurysm (2). Nephrec- 
tomy was performed. 


I 


malities seen on intravenous pyelograms; 
however, тапу patients have normal intra- 
venous pvelozrams, and renal function 
studies bv bladder urine are usually normal. 
Margolin ef ai’ summarized the incidence 
of abnormal findings on intravenous pyelo- 
grams, phenclsulfonphthalein tests, and 
urinalyses in а collective review and noted 
wide variations in individual tests. The 
filtration rate, volume flow per minute, and 
urine sodium concentration of the kidneys 
with renal artery diseases are usually lower 
than in the normal kidney but the osmo- 


Fic. 3. J. G., male aged 41. The blood pressure of this patient was 2207130 on examination, [t was known 
to be normal five months before hospitalization. Phenolsulfonphthalein excretion at 15 minutes was 23 
per cent and the blood urea nitrogen was 10 mg. per cent. An intravenous pyelogram showed a normal 
excretory system and a right kidney which was slightly smaller than the left. Urine content of cathechol- 
amines was within normal limits and the regitine test was negative. (.7) Aortogram shows obstruction of 


\ 


the superior branch of the right renal artery (1). The normal superior (2) and inferior (3) branches of the 
left renal artery are visualized also. (B) The margins (1 and 2) of the atrophic upper pole of the right kid- 
ney are seen. Right nephrectomy demonstrated an infarct of the upper half of the right kidney. 
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Fic. 4. J.L., male aged 14. The blood pressure was 
discovered to be 170/100 during an examination 
for athletic participation. The nonprotein nitrogen 
was 13 mg. per cent. An intravenous pyelogram 
showed a small right kidney. During cystoscopy 
prompt excretion of indigo carmine from the right 
ureter was observed. Aortogram shows the small 
night vascular nephrogram (1) and the right 
renal artery (2). The vascular nephrogram of the 
left kidney demonstrated the compensatory en- 
largement associated with hypoplasia of the right 
kidney. 


> 


larity may be normal or high. Bilateral 
renal artery disease or segmental renal 
infarction may not produce significant 
differences in individual functional capaci- 
ties. If the hypertension has existed a 
sufficient time, the urine of the contra- 
lateral kidney may have protein and other 
abnormal constituents. These considera- 
tions are of importance but it is frequently 
impossible to determine which kidney is 
primarily affected without performing renal 
arteriography. Individual renal function 
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studies are misleading when parallel dimi- 


nution in function results from aortic 


coarctation, bilateral renal artery disease, 
or bilateral parenchymal disease. Unilateral 
depression of renal function associated with 
parenchymal disease may be difficult. to 





Кс. 5. T. V., male aged £9. The blood pressure of this patient was known to be 160/60 before the onset of 


severe headaches and syncopal attacks in September, 1959. At this time it was 240/120. Hemorrhages in 
the fundi were present. The test for catecholamines was within normal limits and ‘there was no change in 
blood pressure after intravenous regitine. Intravenous pyelograms were not abnormal. (Z and B) Two of 


ЗО exposures of serial aortography. Æ demonstrates the early arterial filling phase (exposure 4). A defect 
in the column of contrast material in the left renal artery (arrow) indicates a severe narrowing due to an 
atheromatous plaque. (B) shows the venous nephrogram (exposure 8) of the right normal kidney (1) 
while the delayed arterial filling (arrow) of the left kidney (2) continues. Hypertension was alleviated by 
left splenorenal arterial anastomosis without sacrifice of the kidney and the patient has been normotensive 
for one year. 
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Fic. 6. H. T., female aged 45. This woman had 
known arterial hypertension (170/110) for three 
years and had been hospitalized for pyelitis two 
times in a period of ten years. Intravenous pyelo- 
grams showed the left kidney to be slightlv 
smaller than the right. (7) Aortogram shows the 
splenic artery (1) and the abrupt termination of 
the left renal artery (2). (B) The right vascular 
nephrogram (exposure 14) is normal and the left 
is absent. 


«I 


distinguish from renal artery disease on the 
basis of clearance studies, sodium concen- 
tration, and osmolarity. Contamination of 
urine with blood can cause significant 
errors in urine sodium concentration studies 
and this test is dependent upon the type of 
solute load, hvdration and other factors. It 
also requires individual ureteral catheteri- 
zation with the attendant risk of infection. 

Intravenous pyelograms are of assistance 
if a reduction in the size of the renal nephro- 
gram is demonstrated or the function is 








Fic. 7. This child, aged 11, was hospitalized because of the sudden onset of headaches, vomiting and hemi- 
paresis. Papilledema was present and the blood pressure was 240/130. The phentolamine (regitine) test 
was interpreted as positive and an exploration for pheochromocytoma was performed but no tumor was 
found. (4) Aortogram demonstrates the cone shaped coarctation of the abdominal aorta (1). A greatly 
enlarged superior mesenteric artery (2) arises from the narrowed aorta and provides the collateral pathway 
through the middle colic and the marginal colic artery to the inferior mesenteric artery and the lower 


(Continued on facing page) 
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Fic. 8. J. C., female aged 27. The blood pressure of 
this patient had been elevated for six years. At the 
time of examination it was 190/100. An intra- 
venous pyelogram was normal and the phenol- 
sulfonphthalein excretion was normal. (4) Retro- 
grade aortogram shows the irregular bead.like ap- 
pearance of the right renal artery (1) due to con- 
strictions in the vessel. The left renal artery (2) is 
normal. (B) The small vascular nephrogram of the 
right kidney is seen (1 and 2). The hypertension 
was relieved by excision of the narrowed segment 
and primary reconstruction of the renal artery. 
The right kidney functions normally one year after 
operation and the patient is normotensive. 

Pee» 


greatly reduced, but excretory pyelograms 
are frequently normal in patients with 
severe renal artery stenosis (Fig. 8, -Z and 
B) or segmental renal infarction. Some- 
times the ischemic kidney may produce a 
nephrogram of greater density than the 
normal kidney by virtue of its ability to 
elaborate urine of high osmolarity.’ This 
conceivably could lead to the surgical 
removal of a normal kidney unless arterio- 








Кас. 9. 1. B., female aged 44. Hypertension was noted in this patient six months before hospitalization. The 
blood pressure was 210/110. The right kidney did not visualize, two hours after intravenous pyelography, 
(A) Renal arteriogram demonstrates a local constriction (arrow) in the right renal artery. (B) Arteriogram 
shows delayed arterial filling of the right kidney at the same time that the left kidney shows the venous 
phase (dissociation pattern). Nephrectomy was performed and the patient has remained normotensive. 


abdominal aorta. (B) The left (1) and right (2) renal arteries fill slowly and a slight post-stenotic dilatation 
is present on the left (1). The lower abdominal aorta is filled by the large inferior mesenteric artery (4). 
Surgical correction of the coarctation and left renal artery stenosis was performed by homograft bypass 
to the lower aorta and left renal artery.? The patient has remained normotensive eighteen months after 
operation. (Reproduced with permission from Annals of Surgery.) 
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graphic studies are performed. Intravenous 
pyelography is not a dependable quantita- 
tive measure of renal function.’ 

The foregoing reasons are sufficient, in 
themselves, to warrant renal arteriography 
in every patient before removal of a kidney 
for unilateral arterial or parenchymal 
disease 1s considered. Some occlusive and 
developmental lesions of the aorta and 
renal arteries can be corrected without 
sacrificing a kidney (Fig. $, 4 and В; 7, Æ 
and B; and 8, апа В); however, aortog- 
raphy is necessary in the accurate delinea- 
tion of the tvpe and the location of the 
vascular abnormalitv in order to institute 
proper treatment and to conserve the nor- 
mal kidney. 

In this country translumbar aortography 
has been widely used in the diagnosis of 
renal artery disease but the complications 
are significant.’ These include principally 
spinal cord injury, severe renal damage, 
and acute visceral damage, such as pan- 
creatitis, ischemic necrosis of the intestine, 
adrenal glands and other organs. Some of 
the complications of the translumbar ap- 
proach are associated with the technique 
and anatomic placement of the needle with 
relation to the pleura and visceral arteries.’ 
Others are related to the effect of the con- 
trast material in high concentration upon 
the perfused viscera. A further disadvantage 
of the translumbar approach is the limita- 
tion of the number and technical quality of 
films obtained bv this method. For these 
reasons we have adopted the Seldinger 
method of retrograde percutaneous cathe- 
terization of the femoral artery to perform 
arteriography of the renal and other aortic 
abdominal branches. This method offers 
the advantage of safety since the catheter 
lies within the lumen of the aorta and is not 
as rigid as the translumbar needle. The 
other complications related to the place- 
ment of a needle in the pleural cavity, 
pancreas and other viscera are completely 
eliminated. The perfusion of a single major 
branch of the aorta by high concentration 
of contrast material is also avoided bv plac- 
ing the catheter just above the (celiac 
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artery) diaphragm or by using a catheter 
with multiple holes. The position of the 
patient affords aortograms of better techni- 
cal quality and two to six exposures per 
second can be obtained. This permits 
visualization of all phases of vascular filling 
of the kidney and produces excellent 
nephrograms. The dissociation of the arte- 
rial and venous (Fig. 6, 4 and B) phase 
between the affected and normal kidnev is 
of great usefulness in the diagnosis of 
arterial lesions. The delay in the appearance 
of the arterial filling phase confirms the 
reduction of arterial inflow (Fig. $, A and 
В). This procedure has been performed in 
100 patients without a serious complication 
and we believe it deserves wider use in this 
country for the evaluation of hypertension 
secondarv to unilateral renal disease and 
vascular abnormalities. 


SUMMARY 


Renal arteriograms of patients with 
hypertension associated with renal hypo- 
plasia, coarctation of the abdominal aorta 
involving the renal arteries, renal artery 
stenosis, aneurysm of renal artery and 
segmental renal infarction are presented to 
demonstrate several types of renal vascular 
pathology. Although pyelography and indi- 
vidual renal function studies are valuable 
screening tests in the evaluation of such 
patients, the diagnosis of lesions amenable 
to surgical correction must ultimately de- 
pend upon renal arteriography. Trans- 
femoral percutaneous aortography is safer, 
and aortograms technically superior to 
those using other techniques of renal arteri- 
ography are produced. 

James M. Stokes, M.D. 

Washington University School of Medicine 
600 South Kingshighway 

St. Louis то, Missouri 
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HEPATIC ARTERY ANEURYSM* 
CASE REPORT 
By JAMES L. QUINN, Ill, M.D.,t and JAMES Е. MARTIN, M.D.t 


WINSTON-SALEM, NORTH CAROLINA 


NEURYSM of the hepatic artery is a 

rare entity. The first reported case was 

by Wilson” in 1819; the first American re- 

port was by Jackson® in 1834. Approxi- 

mately: 129 cases have been recorded in the 
world literature.*5 

'The etiology of this lesion is uncertain. It 
has been found to be associated with a 
variety of conditions; e.g., trauma, systemic 
infections, biliary surgery, cholelithiasis, 
cholecystitis, tuberculosis and polyarteritis 
nodosa.!? 

The antemortem diagnosis has been 
made with increasing accuracy. Jarvis and 
Hodes* and Bruwer and Hallenbeck! have 
reviewed the roentgen findings in their 
cases. Kirklin ef 47,9 Steinberg! and 
Jewett* have described the important con- 
tribution of angiography in the diagnosis of 
this lesion before surgery. MacKay and 
Page? reported on a case in which the 
diagnosis of an intrahepatic artery aneu- 
rysm was made by angiography at the time 
of exploratory laparotomy. 

The prognosis in the untreated state is 
poor; only 21 have been successfully 
treated.” This report emphasizes the im- 
portance of establishing the diagnosis 
preoperatively. The following case report 
illustrates this point. 


REPORT OF A CASE 


A forty-six year old white male truck driver 
was admitted to his local hospital in October, 
1953. His chief complaints were nausea and 
vomiting with occasional “midback catches" of 
six weeks' duration and a 26 pound weight loss 
during the previous four months. Oral cholecys- 
tography and upper gastrointestinal examina- 
tions were normal. A rounded calcified cyst-like 


structure was seen on the roentgenogram in the 
right upper quadrant. An exploratory laparot- 
omy was performed at that time with the 
preoperative diagnosis of pancreatic cyst. A 
firm lemon size cyst was found in the gastro- 
hepatic ligament closely associated with the 
common bile duct. Aspiration was unsuccessful. 
The patient’s abdomen was closed without 
further attempt at removal of the mass. A 
wound dehiscence developed postoperatively 
but a satisfactory recovery was made. 

He was referred to the North Carolina Bap- 
tist Hospital on January 4, 1954 for further 
evaluation. His only complaint since his previ- 
ous surgery was intermittent upper abdominal 
pain. The physical examination revealed mod- 
erate tenderness and resistance to palpation in 
the epigastrium. No masses were palpable. His 
blood pressure was 118/76 mm. Hg. The hemo- 
gram, urinalysis and blood chemistries were 
normal. 

An upper gastrointestinal series revealed a 
calcified cyst-like structure in the right upper 
quadrant separate from the stomach and duo- 
denum (Fig. 1 and 2). | 

Surgical explorazon was performed on Janu- 
ary 6, 1954 with the preoperative diagnosis of 
pancreatic cyst. A firm mass, 8 cm. in diameter, 
non-pulsatile, was found in close association 
with the common duct and partially surrounded 
by pancreatic tissue. Sudden massive hemor- 
rhage occurred when the posterior aspect of the 
mass was being dissected. This was controlled 
by clamping in the region of the portal vein. The 
mass was removed and found to contain the 
hepatic artery which was severed in two places. 
Ligation was carried out since an end to end 
anastomosis was impossible. At the end of the 
procedure no arterial pulsation was felt at the 
porta hepatis but a large artery was palpable 
entering the falciform ligament. A T-tube was 
inserted because of the damage to the common 
duct. 

'The gross pathologic diagnosis was saccular 


* From the Bowman Gray School of Medicine and the North Carolina Baptist Hospitals, Iac., Winston-Salem, North Carolina. 
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aneurysm of the hepatic artery. Histologically, 
there was chronic arteritis characterized by 
perivascular accumulation of lymphocytes and 
a fibrous replacement of the muscular coat. 
Calcification was identified in the vessel wall. 
The elastic tissue was fragmented and there was 
a pronounced subendothelial proliferation and 
distortion of the connective tissue. 

Postoperatively, a biliary fistula and partial 
wound dehiscence developed. The patient 
gradually deteriorated and died on June 12, 
1954. At necropsy minimal biliary cirrhosis and 
cholangitis were nored. There was complete 
thrombosis and organization of the hepatic 
artery and partial occlusion of the portal vein. 
The immediate cause of death was ascribed to 
hepatic coma. 


DISCUSSION 


The case reported emphasizes the need 
for accurate preoperative 
hepatic artery aneurvsm. The prognosis in 
the unsuspected and undiagnosed case 1s 
very poor. 





Fic, 1. 
intestinal roentgenogram showing a calcified struc- 
ture to the right of the lumbar spine in the region 
of the porta hepatis. 


Posteroanterior recumbent upper gastro- 


Hepatic Artery Aneurysm 
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Fic. 2. Right lateral recumbent roentgenogram of an 
upper gastrointestinal study showing a calcified 
cyst-like structure posterior to and separate from 
the stomach and duodenum. 


The appearance of calcified cystic struc- 
tures in the right upper quadrant in close 
proximity to the duodenum and biliary 
structures should make one consider hepa- 
tic artery aneurysm. Angiography is help- 
ful in confirming the diagnosis. 


SUMMARY 


A case of hepatic artery aneurysm is 
described bringing the total in the world 
literature to 130. 

Hepatic artery aneurysm should be 
considered in the differential diagnosis of 
calcified cystic masses in the right upper 
quadrant associated with upper abdominal 
and e lumbar back pain. 

The importance of preoperative diag- 
nosis, which may be aided bv angiography, 
15 emph asized. 


James Quinn, ПІ, M.D. 

Department of Radiology 

'The Bowman Gray School of Medicine 
Winston-Salem, North Carolina 
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UTERINE ARTERIOGRAPHY IN HYDATIDI- 
FORM MOLE* 


By JAIME ROCA, RUBEN VILLAMAYOR, JOSE LLAURO 
and RAF AEL FLICHTENTREI 


BUENOS AIRES, 


SINCE 1952, when Borell and co-workers! 

initiated their studies on uterine arteri- 
ography, special attention has been given to 
uterine tumors, in particular to hy datidi- 
form mole and choriocarcinoma. Later, 
in 1955, they published reproductions of 
arteriograms of 2 patients with hydatidi- 
form moles.? Саи medium filling the 
intramural cavities was visualized and the 
authors stated that in their judgment this 
was a characteristic finding in the disease 


since it had not been observed in cases of 


other uterine tumors, pregnancy or post 
abortion. In 1959, Pescetto and his co- 
workers? described arteriograms with a 
similar finding in 2 patients with hydatidi- 
form moles. 


REPORT OF CASES 


Cast 1 (R.N. Hist. No. 273415). This thirty- 
two year old female was admitted with metror- 
rhagia of ten days' duration following three 
months of amenorrhea. The histologic diagnosis 
on curettage was hydatidiform mole. Ten days 
after admission, there was a recurrence of the 
hemorrhage and uterine arteriography was 
performed (Fig. 1, Z, B and C). The arterio- 
grams showed dilated uterine vessels commun- 
icating with true intramural cavities which 
were opacified with contrast medium. Because 
of this finding, curettage was repeated and 
residue of a hydatidiform mole was found. 

One month later, the patient was re-admitted 
for metrorrhagia and another uterine arteriog- 
raphy was done (Fig. 2, 4, B and C). The 
arteriograms were identical in appearance to 
those previously made. Curettage again re- 
vealed the remnants of a hydatidiform mole. 
Her postoperative course was normal without 
metrorrhagia and the Galli Mainini qualitative 
reaction test was continually negative after 
this second episode. 


* From the Roentgendiagnostic Department and the Department of Women's 


Aires, Argentina. 


ARGENTINA 


Comment. In this case histologic examin- 
ation of the curettage scrapings confirmed 
each time the arteriographic diagnosis of a 
hydatidiform mole. 


Case и (J.C. Hist. No. 287143). This forty- 
eight year old female was admitted to the 
Gynecology Service following abortion of a 
histologically proved hydatidiform mole preg- 
nancy. Uterine arteriograms (Fig. 3, 4, В and 
C) demonstrated a slightly dilated left uterine 
artery, normal intramural vessels and an ab- 
sence of intraparietal blood sacs. On curettage 
no hydatidiform mole residuum was found. 
The Galli Mainini qualitative reaction test 
made fifteen days later was negative. 


Comment. In this case the characteristic 
pattern of a hydatidiform mole was not 
visualized on arteriograms. No evidence of 
hydatidiform mole was found on histologic 
examination at the curettage. 


DISCUSSION 


Borell e£ a/.,^? after analyzing their cases 
of hsdaticiform mole, came to the con- 
clusions that (1) uterine arteriography 1 
of value in the diagnosis of у она 
mole and that (2) this procedure is of 
importance in patients who have had hy- 
datidiform moles to determine 1f there is 
any residuum. 

In accordance with our findings, the 
diagnostic value of uterine arteriography 
has been proved. Its usefulness in establish- 
ing the diagnosis of molar residue was con- 
firmed by histologic examination. Case I 
showed that each time the true cavities 
were filled with contrast medium, histo- 
logic examination verified the presence of 
hy datidiform mole residue. On the other 
hand in Case u the characteristic finding of 
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Case n Z) Arteriogram taken at the 
termination of the injection. The left 
uterine artery is of greater diameter. (B) 
Arteriogram taken 1.5 seconds after „7 
shows a greater number of left intramural! 
arteries as compared with those on the right 
side. (C) Acteciogram taken 1.6 seconds 
after B. The contrast medium is visualized 
filling the intramural cavities. 


lic. 1. 
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Vic. 2. Case 1. (4) Arteriogram taken at the 
termination of the injection. The left uterine 
artery is very dilated. (B) Arteriogram 
taken 1.5 seconds after 27. A great number 
of dilated intramural vessels are seen on the 
left side. (C) Arteriogram taken 1.4 seconds 
after B. The contrast medium is visualized 
filling the intramural cavities. 
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contrast material in the intramural cavities 
was not visualized on arteriogrzms and no 
remnants of a hydatidiform mole were 
found on curettage. 


SUMMARY 

Uterine arteriograms are presented of 2 
cases of hydatidiform moles. The histologic 
examination confirmed the value of this 
procedure in the diagnosis of hydatidiform 
moles or in diagnosing the presence of 
molar resicuum. 
Dr. Jaime Roca 


Rio Bamba 566 
Buenos Aires, Argentina 


J. Roca, К. Villamayor, J. Llauró and R. Flichtentrei 
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Vic. 3. Case н. 54) Arteriogram taken at the 
termination of the injection. The uterine 
artery is dilated. (B) Arteriogram taken 1.5 
seconds after 7. The intramural vessels 
show normal appearance on both sides. 
(C) The contrast medium is not visualized 
in the intramural cavities, 
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APPROACH TO FEMORAL ARTERIOGRAPHY 


A LONG FILM CHANGER 


By FRED C. SHIPPS, M.D. 


PORTLAND, OREGON 


A PRINCIPAL objective of femoral 
arteriography is the discovery of a 
localized occlusion in a patient with mini- 
mal diffuse arteriosclerosis and with patent 
arteries distal to the occlusion. In my 
opinion, visualization of arteries distal to 
the occlusion. is the major problem in 
femoral arteriography. That an occlusion 
exists can usually be determined clinically. 
An arteriogram that demonstrates only 
the proximal end of an occlusive process 
contributes very little helpful information. 
The prime objective should be the evalua- 
tion of the arteries distal to the occlusive 
site if at all possible to demonstrate them. 
The long film changer to be described is an 
aid in this direction and hence in the selec- 
tion of patients for surgical correction of 
femoral occlusive disease. 


LONG FILM CHANGER 


Figure 1 is a photograph of the appar- 
atus. It measures 44X24X$ inches and 
weighs 58 lb. The changer is used on a 
therapy couch with the couch pad doubled 
under the upper half of the patient. It is 
loaded with two 14X17 inch grid cassettes. 
The changer is activated by the Shipps 
automatic injector! and the changer in turn 
programs the roentgenographic machine. 
In the schematic drawings (Fig. 2) one sees 
a top view and a sectional view of the 
apparatus. The patient’s lower extremity is 





Fic. 1. Long film changer. 


positioned over the middle one-third of the 
changer. The side thirds (A and B) of the 
changer are lead protected. The cassettes 
are placed all the way in the side slot (С). 
After the first exposure of one-half of each 
cassette (D and E), the drive bar (F) shifts 
the cassettes 7 inches crosswise and a sec- 
ond exposure occurs. We obtain two views, 
each 7 X36 inches, as illustrated in Figure 
3, 4d апа B. There is of necessity a one and 
five-eighths inches space between the upper 
and lower films. This compromise has not 
been found a problem. The programming is 


A | \ B 


section 








Fic. 2. Schematic drawings. 
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Fic. 3. Percutaneous femoral arteriograms. (4) 


Virst exposure at end of injection not showing 
major arteries distal to the knee, (B) Second ex- 
posure tsct at two seconds after initial exposure) 
showing completely the distal vessels. 
set in advance so that after the initial 
exposure there is a choice of one of three 
delays for the second exposure. The second 
exposure can be set at two, four or six 
seconds. 

A balanced technique for the thigh and 
leg is obtained by using high speed screens 
in the upper 8 to 1 grid cassette (D) and 
par speed screens in the lower grid cassette 
(E). The bottom screen of cassette (E) is 
shielded out by a sheet of black paper 


Shipps FEBRUARY, 1962 
between the screen and film. A tube-flm 
distance of 60 inches is required for cover- 
age. 


METHOD OF USE 


Patients with a Femoral Pulse. The patient 
is positioned supine. A percutaneous needle 
is placed and injection is accomplished us- 
ing the Shipps injector at low pressure (so 
psa. hydraulic pressure) with 30 cc. of 
50 per cent hypaque. This requires four to 
five seconds. At the end of the injection the 
injector activates the long film changer 
cycling mechanism (G) and the first roent- 
gen exposure takes place (Fig. 3.4). The 
choice of the time for the second exposure 
has evolved empirically. If the patient has 
femoral, popliteal and dorsal pedal pulses 
we select two seconds (Fig. 3B). If the 
dorsal pedal is absent we use four seconds, 
and if the popliteal is absent we use six 
seconds for the second exposure. 

Patients without a Femoral Pulse. IF the 
femoral pulse is good on the opposite side, 
a retrograde catheter may be employed, or 
as a second choice the patient may be 
positioned prone and a low percutaneous 
abdominal aortic approach used. A tourni- 
quet above arterial pressure is placed on 
the nonexamined leg in either technique. 
The dose of ṣo per cent hypaque is in- 
creased to 50 cc. We use 150 p.s.i. hydraulic 
pressure through an aortic needle and the 
delay timer of the injector is set at two 
seconds to delay the first exposure. The 
second exposure is set at six seconds. If a 
retrograde catheter is used, the hydraulic 
pressure may be higher, depending on the 
specific flow rate characteristic of the cathe- 
ter. By precise positioning and the above 
techniques, one may also use the device for 
aortofemoral arteriography. 


SUMMARY 


An automatic long film changer and its 
use in femoral arteriography have been 
described. It is possible to obtain 2 roent- 
genograms 7X36 inches long, with the 
second exposure at two, four or six seconds 
after the first exposure. With this unit we 


Vor. 87, No. 2 Femoral Arteriography 29 


have gained improved preoperative arterio- 
graphic information. We feel that evalua- 
tion of the arteries distal to the occlusion is 
of prime importance in femoral arteriog- 
raphy. 

Good Samaritan Hospital 

Portland 10, Oregon 
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THE JET SIGN IN THE ANGIOCAR DIOGRAPHIC 
DIAGNOSIS OF ANOMALOUS PULMONARY 
VENOUS DRAINAGE* 

By ISRAEL STEINBERG, M.D., and DANIEL 5. LUKAS, M.D. 


NEW YORK, NEW YORK 


Tue diagnosis of anomalous pulmonary 
venous drainage is no longer of aca- 
demic interest now that surgical correction 
of the lesion is feasible. Indeed, in the repair 
of atrial septal defects, the type of opera- 
tive approach depends upon the presence or 
absence of transposed pulmonary veins. 
Accordingly, refinement in diagnosis of 
anomalous pulmonary venous insertions is 
important. 

Conventional roentgenography, angio- 
cardiography and cardiac catheterization 
have significant roles in the diagnosis of 
transposed pulmonary veins.!? In the angio- 
cardiogram there is a distinctive "jet sign" 
at the site of insertion of the anomalous 
pulmonary veins caused by turbulence of 
the contrast substance by the unopacified 
blood from the pulmonary vein. This paper 
is concerned with evaluation of the jet sign 
in the diagnosis of anomalous pulmonary 
venous drainage. 


METHOD AND MATERIAL 


Angiocardiography with an exposure rate 
of 2-3 films per second was done using the 
intravenous route.) The erect position 
was employed in adults; infants and chil- 
dren were recumbent. General anesthesia 
was rarely used because adults did not 
require it and small infants usually were 
mobilized effectively. Exposures of 1/120 
sec. were made for infants; while in children 
and adults they varied between 1/10 and 
1/60 sec. Studies were made in frontal and 
lateral views with only a short interval 
between the two. The dosage of contrast 
material (urokon, 70 per cent and hypaque, 
90 per cent) was т cc./kg. in infants and 


children; in adults the dose was $0 cc. 

All patients had had complete clinical 
and laboratory evaluations which included 
conventional roentgenoscopic, roentgeno- 
graphic and electrocardiographic studies. 
All except 4 patients, in 2 of whom the 
diagnosis was subsequently proved at au- 
topsy, had right heart catheterization 
which in most instances included dye dilu- 
tion studies. A total of 19 cases form the 
basis of this study. Five patients with the 
jet sign due to anomalous pulmonary 
venous drainage were reported previously 1° 
14 are new (Table 1). 


PARTIAL ANOMALOUS INSERTIONS OF 
PULMONARY VEINS 


Superior Vena Cava. Two patients (Cases 
1 and 2, Table 1) were found to have partial 
drainage of some of the pulmonary veins 
into the superior vena cava. In Case 1, 
there was enlargement of the heart and 
plethoric lung fields consistent with an 
atrial septal defect. Angiocardiography 
showed a filling defect along the lateral and 
posterior aspect of the midportion of the 
superior vena cava. This defect was present 
in all the angiocardiograms showing opaci- 
fication of the superior vena cava during 
a period of 3 seconds. The diagnosis of 
anomalous pulmonary venous connection 
was clearly established by passing a cathe- 
ter from the superior vena cava into the 
right superior pulmonary vein. 

The other patient in this group was an 
asymptomatic nurse who, on roentgen ex- 
amination of the chest, was found to havea 
mass in the right upper hilus (Fig. 14). 
Angiocardiography (Fig. 1B) disclosed a 


* From the Departments of Medicine, Radiology, and the Cardio-Pulmonary Laboratory, The New York Hospital—Cornell Medical 


Center, New York, New York. 
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Tase I 


JET SIGN IN ANOMALOUS PULMONARY VENOUS DRAINAGE 





Case Age 



































: S Sex Associated Defects 
No. (yr.) 
Partial Insertion of 
Pulmonary Veins into: 
Superior Vena 1 42 E Atrial septal defect Cardiac catheterization 
Cava 2(Vig.1) 34 Е None Unproved 
Junction of Superior 3 (Fig. 2) 36 F — Atrial septal defect and con- Cardiac catheterization, 
Vena Cava and genital mitral stenosis operation, autopsy 
Right Atrium 4 (Fig. 3) 26 F — Atrial septal defect; mild pul- Cardiac catheterization 
monic stenosis 
5 (Fig. 4) 48 F Atrial septal defect and left Cardiac catheterization 
superior vena cava 
Right Atrium 6* 14 M Ака] septal defect and pul- Cardiac catheterization 
monic stenosis 
;(Fig.5) 29 F Atrial septal defect Cardiac catheterization, 
Left Innominate 8(Fig.6) 31 M Anomalous left superior pul- Cardiac catheterization 
Vein monary vein 
9 4 М Anomalous left superior pul- Cardiac catheterization 
monary veln 
ro (Fig. 7) 48 M Heart failure and old myocar- Cardiac catheterization 
dial infarction 
ii* 29 M  Rheumatic mitral stenosis; all Cardiac catheterization, 
left pulmonary veins anom- operation 
alous 
Total Insertion of Pul- 
monary Veins into: 
Junction of Superi- 12* 16 F — Atrial septal defect Cardiac catheterization, 
or Vena Cava and operation 
Right Atrium 
Right Atrium 13" 28 M Atrial septal defect; mild pul- Cardiac catheterization 
monic stenosis 
14 (66.8) 8 Е Atrial septal defect Cardiac catheterization 
Left Innominate  15* 2 F — Atrial septal defect Cardiac catheterization, 
Vein autopsy (1957) 
16 (Fig.9) 2mo. Е Аға! septal defect Autopsy 








Coronary Sinus 17 (Fig. 10) Autopsy (Fig. 10А) 
18 3 M Atrial septal defect Cardiac catheterization, 
autopsy 
19 4mo. M Atrial septal defect Cardiac catheterization, 
autopsy 





* Previously reported.” 


large filling defect in the lateral aspect of series of angiocardiograms made during a 
the midportion of the superior vena cava. period of 8 seconds; confirmation of the 
The defect was visualized in the entire diagnosis of anomalous pulmonary vein 
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Fic. 1. Case 2. Partial drainage of the pulmonary veins into the superior vena cava. (4) Frontal teleroent- 
genogram showing prominence of the right upper hilus region. (B) Frontal angiocardiogram with filling 
defect (arrow) due to anomalous insertion of the pulmonary veins into the superior vena cava (SVC). 


insertion was not obtained by cardiac 
catheterization. 

Function of Superior Vena Cava and Right 
trium. Three patients, all women with 
atrial septal defects (Cases 3, 4, and 5, 
Table 1), had partial drainage of the right 
pulmonary veins into the junction of the 
superior vena cava and the right atrium. 
The first patient (Fig. 2.7) had striking 
right heart and pulmonary artery enlarge- 
ment with plethoric lungs. Clinical and 
hemodynamic studies established the diag- 
nosis of mitral stenosis. The angiocardio- 
grams (Fig. 2, B,C and D) demonstrated a 
small but constant filling defect at the 
junction of the superior vena cava and the 
night atrium. The jet was located in the 
lateral and posterior part of the superior 
vena cava and was visible for several sec- 
onds after the beginning of the injection. 
The lateral as well as the frontal view 
showed the defect (Fig. 2C), and in addi- 
tion there was reflux filling of the anoma- 
lous vein (Fig. 2D). Operation and autopsy 
established the presence of an anomalous 
right superior pulmonary vein entering the 
superior vena cava-right atrium junction. 

The second patient with partial insertion 
of the pulmonary veins into the junction of 





the superior vena cava and right atrium had 
moderate enlargement of the heart and 
pulmonary artery with plethoric lungs, 
especially of the right lower lung field (Fig. 
34). Angiocardiography also revealed a 
large triangular cefect at the junction of 
the superior vena cava and right atrium 
(Fig. 3B). Later, at the time of left heart 
opacification, the pulmonary veins were 
seen to drain into the defect (Fig. 3C). At 
operation, the pulmonary veins of the right 
upper and middle lobes were indeed found 
to be connected with the superior vena 
cava. An ivalon sponge prosthesis was used 
to close the atrial septal defect and to shunt 
the anomalous veins into the left atrium. 

Angiocardiographic study of the third 
patient (Case 5), who also had a rudimen- 
tary left superior vena cava draining into 
the right atrium via the coronary sinus, 
revealed a constant triangular filling defect 
at the junction of the superior vena cava 
and right atrium (Fig. 4, апа В). 

Right Atrium. The 2 patients with trans- 
posed right pulmonary veins into the right 
atrium also had atrial septal defects. One 
patient was previously reported;? the other 
had a characteristic, large and constant 
defect in the outer, lower part of the right 
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Vic. 2. Case 3. Partial insertion of the pulmonary veins at the junction of the superior vena cava and the 
right atrium. (7) Frontal teleroentgenogram showing marked enlargement of the heart, pulmonary 
artery and right branch. (B) Frontal angiocardiogram showing filling defect (arrow) at junction of superior 
vena cava (SVC) and right atrium (RA). (C) Lateral angiocardiogram with jet of unopacified material 


(arrow) at the junction of the superior vena cava (SVC) and the right atrium (RA). (D) Lateral angiocar- 
diogram showing reflux of contrast material (arrow) into the anomalous pulmonary vein. 


atrium (Fig. 5, Æ and B). The presence of Left Innominate Fein, Partial anomalous 
anomalous right pulmonary veins inserting pulmonary venous drainage of the left lung 
into the right atrium was confirmed at into the left innominate vein was studied in 
operation. 4 patients. In 1 (Case 11, Table 1) previ- 





ously reported,’ the entire left lung drained 
via à common channel into a persistent left 
superior vena cava and thence into the left 
innominate vein. This patient also had 
rheumatic mitral stenosis. Left thoracot- 
omy established the course of the anoma- 
lous pulmonary venous vessels; mitral val- 
vuloplasty resulted in marked improvement 
of the patient. The conventional roentgeno- 
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hic. 3. Case 4. Partial insertion of anomalous 
veins Into the Junction of the superior vena 
сауа and the right atrium. C4) Frontal 
teleroentgenogram showing a large heart, 
pulmonary artery and plethoric lungs. (В) 
Frontal angiocardoogram with triangular 
filling defect (arrow) at the Junction of the 
superior vena cava (SVC) and the right 
atrium. (RA) (C) When the left heart 
structures are opacified, the pulmonary 
(PV) are noted to drain into the 
junction of the superior vena cava and 
right atrium, 


veins 


gram of this patient, despite the fact that 
only the left pulmonary. veins were trans- 
posed, showed the characteristic figure 8 
deformity. Angiocardiography done via the 
left arm demonstrated a filling defect (jet) 
in the left innominate vein. Later, at the 
time of opacification of the left heart struc- 
tures, an opacified, huge and persistent left 
superior vena cava was shown to be con- 
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Fic. 4. Case 5. Partial insertion of the pulmonary veins into the Junction of the superior vena cava and the 


right atrium. (4) Frontal teleroentgenogram showing a large heart, pulmonary artery and pulmonary 
vasculature. (B) Frontal angiocardiogram discloses a nonopacified jet (arrow) at the Junction of the 
superior vena cava (SVC) and the right atrium (RA). Note the left superior vena cava filled by reflux 


from an intercommunicating vein between the cavae. 


nected with the left innominate vein at the The 3 other patients in this group (Cases 
site of the previous jet whereas the right 8, 9 and 10) had only the left superior pul- 
pulmonary veins inserted into an enlarged monary vein draining into the left innomi- 
left atrium.” nate vein. Case 8 was studied because of 











Vic. g. Case 7. Partial drainage of the pulmonary veins into the right atrium. (/7) Frontal teleroentgenogram 
revealing moderate cardiac enlargement, a huge pulmonary artery and branches, especially of the right 
lung. (B) Frontal angiocardiogram with a huge filling defect (arrow) at the base of the right atrium (КА). 


300 Israel Steinberg and Daniel S. Lukas 


the finding of a mass in the upper left hilus 
on routine roentgen survey of the do 
(Fig. 6.4). Angiocardiogra phy revealed : 

Alling defect (jet) in the left innominate 
vein (Fig. 6B). Later, at the time of left 
heart opacification, the left superior pul- 
monary vein emptying into the left innomi- 
nate vein was demonstrated (Fig. 6C). The 
vounger patient (Case 9) had only a slight 
prominence of the left upper hilus on the 
conventional roentgenogram but merited 
further investigation because a murmur 
was heard over the left upper sternum. He, 
too, had the characteristic Jet findings on the 
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angiocardiogram. Case 10, a forty-eight 
vear old man with heart failure, had inser- 
tion of the left pulmonary ve “ins into the left 
innominate vein (Fig. 7, Æ, B and C). The 
cardiac catherization data, especially dye 
dilution studies, excluded other congenital 
anomalies and indicated that the heart 
failure was due to left ventricular myocar- 
dial disease of unknown etiology. 


TOTAL ANOMALOUS INSERTIONS 
OF PULMONARY VEINS 


Function of Superior Fena Caza and Right 
Atrium. Only г patient (Case 12) with 





Fic. 6. Case 8. Partial insertion of the left 
pulmonary vein into the left innominate 
vein. (7) Frontal teleroentgenogram dem- 
onstrates the heart to be normal in size. 
There is a mass (arrow) in the left hilus. 
(B) A filling defect (arrow) i is present in the 
widened left innominate vein (LY) in the 
frontal angiocardiogram. (C) When the left 
heart structures are filled, an anomalous 
pulmonary vein (PV) 15 seen on the frontal 
angiocardiogram evidently inserting into 
and reopacifying the left innominate vein. 
The anomalous pulmonary vein is re- 
sponsible for the left hilar prominence. 
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complete pulmonary venous Insertions into 
the junction of the superior vena cava and 
the right atrium was studied; this case has 
been reported previously in detail.? A large 
triangular constant filling defect was clearly 
visualized and later, in the serial angio- 
cardiographic study and at the time of 
pulmonary venous opacification, a large 
pulmonary vein was demonstarted to be 
inserted into the area of the jet. 

Right Atrium. Two patients with total 
pulmonary venous drainage into the right 
atrium (Cases 13 and 14) were encountered 


a 


in this group. Case 13 was previously re- 
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Fic. 7. Case to. Drainage of the left pulmo- 
nary veins into the left innominate vein. (7) 
Frontal teleroentgenogram disclosing some 
enlargement of the left ventricle and an 
increase in pulmonary vasculature, (B) A 
small circular filling defect (arrow) is seen 
within a dilated left innominate vein (LIV) 
in the frontal angiocardiogram. (C) When 
the left heart is opacified, the pulmonary 
veins (PV) are seen to insert into and 
reopacify the left innominate vein. 


ported.? The other patient had moderate 
enlargement of the heart and plethoric 
lungs, especially at the right base (Fig. 8.7). 
A large filling defect involving the entire 
right atrium, in part probably also due to 
right-to-left shunting of blood through the 
atrial defect, was demonstrated (Fig. 8, 
B and C). 

Left Innominate Vein. Two patients in 
the series had complete drainage of the 
pulmonary veins into the left innominate 
vein. The first case (previously reported") 
recently died at the age of forty-six years 
and at autopsy the course of the total 
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anomalous pulmonary venous drainage 
into the left innominate vein was confirmed. 
The conventional roentgenograms showed 
the classic figure 8 configuration. The angio- 
cardiograms revealed a large filling defect 
of the left innominate vein and marked 
dilatation of the right superior vena cava. 
When the left cardiovascular structures 
were opacified, a large common venous 
channel from the right and left lungs was 
seen emptying into a hugely dilated persist- 


Fic. 8. Case 14. Total drainage of the pul. 


Fresrvary, 196: 





monary veins into the right atrium. (4) 
Frontal teleroentgenozram showing cardiac 
and pulmonary artery enlargement with 
plethoric lungs. (8) Frontal angiocardio- 
gram reveals a huge fling defect (arrow) 
in the right atrium end almost immediate 
opacification of the left atrium (LA) through 
an atrial septal defect, (C) One-half second 
after В, the left ventricle (LV) and aorta 
(AO) were opacified. SVC indicates the su- 
perior vena cavi.) 


ent left superior vena cava which, in turn 
connected with the left innominate vein.” 
The other patient, aged two months, also 
exhibited all the classic roentgen features of 
this anomaly (Fig. 9, 21-0). 

Coronary Sinus. An eight month old 
cvanotic infant with heart failure and total 
anomalous pulmonary veinous drainage 
into the coronary sinus was studied angio- 
cardiographically. There was tremendous 
enlargement of thc heart, especially of the 
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Fic. g. Case 16. Total drainage of the pulmonary veins into the left innominate vein. 67) Frontal roentgeno- 
gram of a two month old infant exhibiting enlargement of the heart and supracardiac structures. (3) 
In the frontal angiocardiogram the left innominate vein (LIV) contains a jet (arrow) and the superior 
rena cava (SVC) is dilated. (C) The angiocardiogram taken immediately after B shows opacification of a 
small left atrium (LA), left ventricle (LV) and aorta (AO). (D) A later frontal angiocardiogram shows a 
common channel (CC) collecting blood from the right and left pulmonary veins and proceeding via a 
left superior vena cava (LSVC) to reopacify the left innominate vein and the right superior vena cava. 


right cardiac chambers (Fig. 10, ,7 and В). 
Angiocardiograms (Fig. то, C, D and £) 
showed a large, rounded and constant 
filling defect in the right atrium. At nec- 
ropsy (Fig. tof), a dilated coronary sinus 
due to drainage of all the pulmonary veins 
was found. Two additional patients (Cases 
18 and 19) also had a filling defect in the 


region of the coronary sinus. In both in- 
stances cardiac catheterization and autopsy 
examination confirmed the diagnosis. 


DISCUSSION 


Filling defects in opacified cardiovascular 
Structures were recognized soon after an- 
giocardiography became a practical pro- 
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cedure. Such defects тах occur normally, 
when the contrast material first enters the 
great veins from the arm, and are due to 
mixing of unopacified blood from the op- 
posite innominate vein, azvgos vein or 
inferior vena cava. Filling detects may also 
be due to intraluminal invasion of the 
superior vena cava by lung cancer?! or 
to intracavitary tumors or thrombi? 
Aneurysms of the aortic sinuses cause filling 
defects in the right heart chambers and 
these are identified when they become 
opacified during left heart visualization.” 6 

The majority of the filling defects visual- 
ized during angiocardiography are due to 
the abnormal mixing of unopacified blood 
from either a cardiac chamber or vessel.’ 
Usually, the head of pressure is greater in 
the nonopacified structure and, as a result, 
a Jet like effect is producec in the opacified 
structure when there is blood flow through 
the defect. 

Disturbance of the uni/orm pattern of 
the contrasted cardiovascular structure has 
diagnostic. significance. la 1951, Goetz? 
called attention to a transient area of trans- 
lucency in the left pulmonary artery due to 
the flow of unopacified blood from the aorta 
via a ductus. Soon after, Dotter and Stein- 
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berg? and Margulis and associates? pointed 
out that the main stem pulmonary artery 
mav also have unopacified blood as a result 
of blood flow through a ductus. In 1923, the 
significance of turbulence of contrast mate- 
rial in the right atrium due to tricuspid 
regurgitation was described.? In 1925, the 
Jet sign at the site of insertion of anomalous 
pulmonary veins was first described.'? 
About that time, Swedish investigators? * 
also described the appearance of filling 
defects with intracardiac shunts. It follows 
that, if contrast material is injected directly 
into vessels or chambers with abnormal 
shunts, the opaque medium will fow 
through the shunt. A jet of contrast mate- 
rial will result, whereas before a negative or 
filling defect was seen. This is well illus- 
trated in Figures 3C, 6C, 7C and gD where- 
in pulmonary veins were opacified at the 
time of left heart filling and can be seen to 
fit into the respective defect areas. 

The jet sign associated with pulmonary 
venous drainage into the superior vena 
cava (Fig. 1B) may be difficult to distin- 
gutsh from the filling detects normally pro- 
duced by inflow of nonopacified blood from 
the opposite innominate or the azygos vein. 
Usually these defects are less well defined, 


Vic. то. Case 17. Total anomalous pulmonary venous drainage into the coronary sinus. (7) Frontal tele- 
roentgenogram exhibiting a very large heart and pulmonary artery with striking pulmonary congestion. 
(B) Lateral teleroentgenogram showing that the right heart is huge. 
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Fia. то. (C) Frontal angiocardiogram revealing enlargement of the right atrium with a large rounded filling 
defect in the region of the coronary sinus (CS). (D) When the left heart structures (pulmonary veins 
[white arrows], left ventricle [LV], and hypoplastic aorta [AO]) become opacified, the coronary sinus 
(blaek arrow) is also opacified. This demonstrates that the pulmonary. veins drain into the coronary 
sinuses. (E) Lateral angiocardiogram showing a filling defect in the coronary sinus (CS) at the time of 
right atrial opacification. (А) The postmortem specimen shows the greatly dilated coronary sinus (CS) 


transient, smaller, and not as consistent in 
shape as those due to anomalous pulmonary 
veins (Fig. 1,7). Later, when the anomalous 
pulmonary vein becomes opacified, it may 
be traced to the site of entrance into the 
superior vena cava and help to confirm the 
diagnosis. Similarly, reflux filling of an 
anomalous pulmonary vein with contrast 
substance aids 1n establishing the diagnosis 
(Fig. 2C). 

Pulmonary veins that insert at the junc- 
tion of the superior vena cava and right 
atrium have a characteristic triangular fill- 


ing defect (Fig. 2B, 3B, and 4B). When the 
pulmonary veins become opacified, it may 
be possible to identify the course of the 
anomalous vein. The adjacent opacified 
left atrium, however, may make it difficult 
to distinguish the course of the anomalous 
vein. 

It тау be difficult if not impossible to 
differentiate between filling defects in the 
right atrium due to large atrial defects and 
those caused by anomalous pulmonary 
veins. Indeed, in a recent case, angiocardi- 
ography supported by cardiac catheteriza- 
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tion findings warranted the diagnosis of 
anomalous insertions of all the pulmonary 
veins into the right atrium. Yet at opera- 
tion and later at autopsy, a huge atrial 
septal defect alone was responsible for the 
filling detect. Figure 8B shows a huge defect 
in the right atrium believed to be due to 
anomalous pulmonary venous drainage. It 
seems unlikely that the left-to-right atrial 
shunt alone is of sufficient magnitude to 
cause the right atrial filling defect. 

When anomalous pulmonary veins insert 
into the left innominate veins, there is a 
clearly defined filling defect at the site of 
entrance of the pulmonary vein (Fig. 68, 
7B and 9 B).? Since this site is at some dis- 
tance from the left atrium, the opacified 
anomalous vein can be clearly identified 
(Fig. 6C, 7C and 9D). When anomalous 
pulmonary veins inserting into the left 
innominate vein are suspected, and in order 
to demonstrate a filling defect, it is impor- 
tant to make the injection via the left arm. 
In a recent case, angiocardiography per- 
formed through injection of the right arm 
failed to show pulmonary veins that entered 
à persistent left superior vena cava. 

The demonstration of a filling defect in 
the right atrium due to complete insertion 
of the pulmonary veins into the coronary 
sinus (Fig. то, C, D and Æ) is of consider- 
able importance, since it is difficult to 
differentiate drainage at this site from 
drainage into the right atrium." 

Cardiac catheterization and dye dilution 
studies are important aids in the diagnosis 
of anomalous pulmonary veins. Both 
methods, however, may be found wanting. 
Often, when there is a high atrial septal 
defect, the catheter may seem to go directly 
into a pulmonary vein. Only when fluoro- 
scopic or roentgen studies in oblique or 
lateral positions are made is it realized that 
the catheter has traversed the septal defect 
and entered the left atrium and a pul- 
monary vein. A dye dilution curve recorded 
after injection of dye into the pulmonary 
vein usually demonstrates whether or not 
it drains anomalously, although if a right- 
to-left shunt is also present differentiation 
from a normally draining vein may be 
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dificult. In such circumstances, the jet 
sign will establish the diagnosis on an 
anatomic rather than on a functional basis. 


SUMMARY AND CONCLUSIONS 


In 19 patients with anomalous pulmo- 
nary venous drainage a characteristic jet 
at the site of insertion of the anomalus vein 
was recognized on the angiocardiogram. 
The filling defect is due to unopacified blood 
from the pulmonarv vein entering an opaci- 
fied vessel or cardiac chamber. Filling de- 
fects in the superior vena cava may occur 
normally due to blood flow from the op- 
location of the defects will quickly identifv 
normal channels. Defects in the superior 
vena cava due to neoplastic invasion may 
be readily recognized by the presence of 
extensive venous collateral circulation. 

In the right atrium, filling defects due to 
atrial tumors, tricuspid regurgitation, atrial 
septal defects and inferior vena caval blood 
flow may make recognition of transposed 
pulmonary veins difficult. Clinical, angio- 
cardiographic and hemodynamic studies 
should allow the differentiation of all the 
above lesions. 

'The Jet sign is a more reliable indication 
for the diagnosis of anomalous pulmonary 
venous drainage than is the passing of a 
catheter into the pulmonary vein. Unless 
oblique and lateral roentgenograms of the 
chest are made with the catheter 77 situ, 
passage through a left atrium may be un- 
recognized. Accordingly, — angiocardiog- 
raphy is a valuable adjunct in the pre- 
operative diagnosis of anomalous pulmo- 
nary venous drainage. 

Israel Steinberg, M.D. 

Department of Radiology 

The New York Hospital---Cornell Medical Center 
525 East 68th Street 

New York 21, New York 


ADDENDUM 


Since this paper was submitted for pub- 
lication, twelve additional patients have 
had angiocardiographic demonstration of 
jets due to anomalous pulmonary venous 
drainage. 
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ANGIOGRAPHIC PATTERNS OF CEREBRAL CON- 
VEXITY VEINS AND SUPERFICIAL DURAL SINUSES 


By GIOVANNI DI CHIRO, M.D.* 


BETHESDA, MARYLAND 


N RECENT vears considerable interest 
has been concentrated on the angio- 
graphic appearance of the deep cerebral 
veins. Only scanty attention, however, has 
been devoted to the superficial veins bi the 
brain. It is generally agreed that these veins 
constitute an irregular network with a 
multitude of different patterns, each with a 
large number of variations. Gvozdanović,’ 
who has worked systematically on the 
angiography of the superficial veins of the 
brain, stated in 1956 that these veins are 
as stepchild of neuroradiologic diagno- 
’ This statement is still valid today. 
“Two p observations led to the 
present study: (1) the convexity veins did 
not appear to be situated at random and 
(2) the superficial venous discharge in the 
two hemispheres only seldom seemed com- 
parable in one and the same patient. The 
study was expanded by including observa- 
tions on the superficial dural sinuses with 
particular regard to hemispheric differ- 
ences. 





Fic. 


PRESENT STUDY 

The following vascular channels have 
been the object of our angiographic obser- 
vations: superficial frontal, parietal and 
occipital veins with the vein of Trolard, 
superficial sylvian vein, vein of Lab bé, 
superior longitudinal sinus, sinus rectus and 
transverse sinuses. 

The superficial veins of the brain are 
arranged like the spokes of a wheel radiat- 
ing from the hub—the stem of the sylvian 
fissure (Fig. 1, Z and B). The radiate ar- 
rangement of the superficial cerebral veins 
has been the object of considerable discus- 
sion among anatomists (Symington," 1882; 
Sargent," 1911; Stopford,* 1930; О’ Cont 
nell, 1934). Some authors have attributed 
a functional significance to this peculiar 


distribution of the superficial veins; O'Con- 
nell? offered convincing evidence that this 
arrangement, which is not present in the 
early fetal bons] is the result of the cen- 
trifugal growth of the cerebral hemispheres. 

The superficial frontal, parietal and oc- 





d 


г. (М and. B) Superficial cerebral veins (note spoke-like arrangement). 


* Head of the Neuroradiological Section of the National Institute of Neurological Diseases and Blindness, National Institutes of 


Health, Bethesda, Maryland. 
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cipital veins are eight or ten in number and 
have a reasonably comparable angiographic 
caliber except for the vein of Trolard. This 
vein, also known as great anastomotic, 
superior anastomotic, or post-central chan- 
nel, is the largest superficial vein draining 
towards the superior longitudinal sinus 
from the sylvian region. Most frequently, it 
is located at the level of the central sulcus 
or a little more posteriorly (Fig. 2); occa- 
sionally it is directed anteriorly towards the 
frontal pole—the “prefrontal” vein of 
Trolard (Fig. 3). Sometimes two large 
superficial veins drain towards the superior 
longitudinal sinus with approximately the 
same caliber—the “double” vein of Trolard 
(Fig. 4). Because of its caliber, the vein of 
Trolard is clearly recognized on antero- 
posterior angiograms (Fig. 5). 

The superficial svlvian (superficial mid- 
dle cerebral) vein winds around the anterior 
pole of the temporal lobe and enters the 
cavernous sinus (Fig. 6-10). 

The vein of Labbé (inferior anastomotic) 
connects the sylvian region with the trans- 
verse sinus (Fig. 11, Zand В). Frequently, 
one sees a double vein of Labbé, the ante- 
rior almost always larger than the posterior. 
The latter originates from the fusion of two 
branches, one from the area of the supra- 
marginal and angular gvri, and one from 
the posterior external occipital surface (Fig. 
12). The posterior vein of Labbé mav fill via 
the vertebral artery. The anterior vein of 
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Vic. 3. Prefrontal vein of Trolard, 


Labbé is easily discernible on anteropos- 
terior angiograms (Fig. 13). 

The three main superficial venous chan- 
nels (Trolard, svlvian and Labbé) have 
occasionally a comparable size. In the great 
majority of cases, however, one or two of 
these channels “stand out” because of their 
larger caliber. This predominance has been 
the object of the first part of the present 
study. Only “normal” carotid angiogra- 
phies with satisfactory venous phases have 
been included. Seriograms taken within 
three to five seconds after carotid injection 
were used which, according to Greitz,’ are 
best to evaluate the convexity veins. Table 
1 shows the incidence of the superficial 
venous predominance found in a series of 





Fic. 2. Vein of Trolard. 


Fic. 4. Double vein of Trolard. 
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lic. 7. Superficial sylvian vein (draining 
towards cavernous sinus). 





Fic. 5. Vein of Trolard on the 

anteroposterior angiogram, : Е з 
of cases of the present series, the predomi- 
nant superficial venous channel in the left 
hemisphere was the vein of Labbé (Fig. 
14.7), while the vein of Trolard predomi- 
nated in the right (Fig. 145). No significant 
morphologic diderences have been previ- 
ously found anatomically or roentgeno- 
graphically in the two normal hemispheres. 
The functional hemispheric dominance has 
no demonstrated morphologic counterpart. 
Our findings on the hemispheric ditterences 


180 normal carotid angiographies. 

The superficial phlebograms in the left 
and right hemispheres of each of 6$ patients 
were compared (Table i). These included 
onlv those cases in which the venous phases 
in the two hemispheres were comparable in 
timing and technical quality. The venous 
discharge in the two hemispheres was differ- 
ent in 56 cases and similar in 9g. The pre- 
dominant pathwavs of venous discharge in 
the two hemispheres of the 65 cases are 
shown in Table ш. In a significant number 





Fic. 8. Concrast-flling of cavernous sinus from 
Fic. 6 Superficial sylvian vein. superficial sylvian vein, 





Vic. 9. Superficial sylvian vein (small arrows) empty- 


ing into cavernous sinus, Note “negative image” of 
contrast-emptied carotid syphon within contrast- 
filled cavernous sinus (large arrows). 


in the superficial venous discharge of the 
brain were somewhat intriguing and we 
have endeavoured to relate these findings 
to the results of Wada’s test which assesses 
hemispheric dominance. The Wada test, 
which is reasonably reliable, consists of 
injecting 125-150 mg. of sodium атуга] 
into first one, then, about forty-five min- 
utes later, the other carotid artery. Usually 
the patient will have dysphasic symptoms 
only after injection of the dominant side. 

In 58 of our patients the Wada test was 
performed with unequivocal result. In 43, 
technically satisfactory carotid angiogra- 
phies with good venous phases were also 
obtained (bilateral in 29 and unilateral in 
14 cases). Of these the Wada test indicated 
a left cerebral dominance in 34 cases and a 
right dominance in 9. Table iv illustrates 
the handedness, the cerebral dominance as 
judged from Wada’s test, and the hemi- 
spheric superficial venous predominance 
found in these patients. In the group of 9 
patients with right hemispheric dominance, 
Labbé's vein was predominant on the right 
in 6 and on the left in 1 case, while it was 
equal to the larger remaining vessels (Тго- 
lard and/or sylvian) in 3 cases on the left 
and in no instance on the right. In this same 
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Tase І 


INCIDENCE OF PROMINENT SUPERFICIAL 
PATHWAYS OF VENOUS DRAINAGE 















- No. of | 

Vein | Cases | Cent 
T rolard | 58 Eo 
Labbé [| ga 0 
Sylvian | 14 | 7.7 
Trolard and Labbé | 21 | 11.6 
Trolard and Sylvian | 3 1.6 
Labbé and Sylvian | 6 3.3 

Trolard, Labbé and Sylvian of | 
Similar Caliber | 6 3:3 

| 180 


group Trolard's vein was predominant in 5 
cases on the left and in 1 case on the right, 
while it was equal to the other vessels 
(Labbé and/or sylvian) in 1 case on the 
right and 3 on the left (Table v). In the 
group of 34 patients with left hemispheric 
dominance, Labbé's vein was predominant 
on the left in 18 cases and on the right in 2, 
while it was equal to the remaining vessels 
in 9 cases on the right and in 8 on the left. 








Fic. то. Superficial sylvian vein on the antero- 
posterior angiogram. 
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Vic vt. G1 and В) Two types of Labbe’s veins. 


Trolard’s vein, on the other hand, was 
predominant on the right in 11 cases and on 
the left in 2, while it was equal to the other 
vessels in то cases on the right and in 8 on 
the left (Table v1). 

'The above data were analvzed statisti- 
cally utilizing the chi-square test. The 


correlation showed that: (1) the vein of 


Labbé predominates in the dominant 
hemisphere with a significant probability, 
P <.от; (2) the vein of Trolard predomi- 
nates in the nondominant hemisphere with 
a significant probability, P<.o1; and (3) 





12. Anterior vein of Labbé (small arrows). 
Posterior vein of Labbé forming from the fusion 
of two branches (large arrows). 


Mic. 


the combination Labbé's ven predomi- 
nant in the dominant hemisphere, Trolard's 
vein. predominant in the nondominant 
hemisphere--also has a significant. proba- 
bility, P x.ot (Fig. 15,7 and А). It should 
be noted that in this statistical study the 
cases in which two or three channels were, 





Vic. 13. Vein of Labbé on the anteroposterior 
angiogram. 


A j 
iw. 
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Fic, 14. 64) Vein of Labbé "predominant" in left hemisphere; (В) vein of Trolard 
4. VT) 4 A 
“predominant” in right hemisphere (same patient). 


in the same hemisphere, of approximately 
equal size were considered as frequency of 
one-half and one-third, respectively. 

A study of the relative caliber of the 
superficial veins of brain specimens was 
attempted. However, after observing 20 
specimens from non-neurologic patients, it 
became evident that such a study was not 
feasible; the collapse of the superficial 
cerebral veins was marked, and the differ- 
ent degrees of replenishment of the various 
channels were probably the result of the 
terminal phenomena or of postmortem 
positioning of the head. 





The superficial convexity veins are tribu- 
taries of the superior longitudinal sinus, the 
cavernous sinuses, and the transverse 
sinuses. Occasionally, the superficial sylvian 
vein drains into the sphenoparietal sinus, 
and the vein of Labbé into the superior 
petrous sinus. An angiographic study of the 
superficial dural sinuses is feasible either by 
injecting directly into one of the sinuses 
(preferably the superior longitudinal as 
with the technique of Frenckner?) or by the 
late seriograms of standard carotid angiog- 
raphies. According to Greitz, a good dem- 
onstration of the superior longitudinal sinus 





Fic. 14. (4) Vein of Labbé "predominant" on right and (B) vein of Trolard on left (patient left 
handed with Wada's test pointing to right hemispheric dominance). 
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TasLs IT 
INDIVIDUAL PREDOMINANT SUPERFICIAL PATHWAYS OF VENOUS DRAINAGE 
Left Hemisphere Right Hemisphere 
Case P Trolard Trolard 
E E Зума ӘЧ Гы "^ 4 E T A T 
Labbé Sylvian Labbé + Labbé Sylvian Labbé + 
Sylvian Sylvian 
1 4 + 
a + + 
3 + + 
4 | + + 
5 + + 
6 + + 
E + з 
8 + + 
9 + + . 
n + + 
^m | + + 
13 + + 
1. n 4 
15 + + 
w) o у M 
р к= ессе 
ів + + 
Woy ee ee ЕС 
20 + + 
ат + + 
22 F + 
a3 + + 
24 + + 
25 + + 
26 + + 
27 + + 
28 F + 
29 + + 
30 s + 
эт + + 
32 * RE 
33 T + + 
34 + + 
35 t + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
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ТАвь® П (Continued) 

| Left Hemisphere | Right Hemisphere 

ereere 2. I M MÀ 
Case | Trolard | Trolard 
No | Trolard Trolard Sylvian + Trolard Trolard Sylvian + 
^U | Trolard Labbé Sylvian + Labbé | Trolard Labbé Sylvian + + Labbé 

Labbé Sylvian Labbé -+ Labbé Sylvian Labbé 
| Sylvian | Sylvian 























is usually obtained four to six seconds, and 
of the transverse sinuses six to eight sec- 
onds, after the commencement of the 
carotid injection. Our angiographic obser- 
vations regarding the normal superficial 
dural sinuses have been carried out by 
seriographic carotid angiographies with the 
specific purpose of studying the symmetry 
of drainage at the level of the confluence of 
sinuses (torcular Herophili). Anatomic 
studies carried out by others have demon- 
strated that an asymmetric arrangement of 
the superior longitudinal sinus, the sinus 
rectus and the transverse sinuses is frequent 
at the level of the torcular Herophili. Gen- 
erally, the sinus rectus empties into the 
left, and the superior longitudinal sinus 
into the larger right transverse sinus. The 
arrangement of these large venous channels 

















Tasce ШІ 


HEMISPHERIC INCIDENCE OF PREDOMINANT SUPER- 
FICIAL PATHWAYS OF VENOUS DRAINAGE 

















Left | Right 
Hemisphere | Hemisphere 
Vein T т 
No. Per No. Per 
er Cent of Cent 
Cases "^" | Cases "© 
Trolard 12 18.4| 30 46 
Labbé 36 55 16 24.6 
Sylvian 3 | os 
Trolard+Labbé 2 7 
Trolard+Sylvian 4 3 
Labbé+Sylvian д 3 
Trolard+Labbé+Syl- 
vian 5 ME 
зе NS 
65 | 65 
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Tase IV 


RELATIONSHIP OF HANDEDNESS, CEREBRAL DOMINANCE (WADA'S TEST), AND 
2REDOMINANT SUPERFICIAL HEMISPHERIC VEINS 


























5 Handedness Pda сй ' Right Hemisphere Left Hemisphere 
о. (Жада? Test) (уеіп) (vein) 
I L L Trolard [Таыё& 
2 Rand L d Trolard Trolard, Labbé, Sylvian 
3 L R Sylvian Trolard ‘ 
4 L L Trolard, Labbé Labbé 
5 R L Trolard, Labbé Labbé 
6 L L Trolard, Labbé, Sylvian 
7 L R Labbé Trolard, Labbé, Sylvian 
8 R L Trolard, Labbé, Sylvian Labbé 
9 R. L Trolard 
10 R L Labbé 
II R L Sylvian Labbé 
12 R L Labbé 
13 R L Trolard, Labbé Labbé 
14 R L Trolard | 
15 R L Trolard, Labbé Trolard, Sylvian 
16 R L Trolard Labbé 
17 R L Trolard 
18 R L Trolard, Sylvian Labbé 
19 R L Trolard, Labbé, Sylvian Trolard 
20 Rand L L Trolard Labbé 
21 R L Labbé 
22 R L Trolard, Labbé 
23 R L Trolard, Sylvian 
24 R L Trolard . Labbé 
25 R L Trolard, Labbé Trolard, Labbé 
26 R L Trolard, Labbé Trolard, Labbé 
27 R L Trolard Labbé 
28 L R Trolard 
29 Rand L L Trolard Trolard, Labbé 
30 R L Labbé, Sylvian 
31 L R Labbé Trolard, Labbé, Sylvian 
32 . RandL R Labbé Trolard, Labbé, Sylvian 
33 L R Trolard, Sylvian Labbé 
34 Rand L L Labbé Labbé 
35 R L Labbé Labbé, Sylvian 
36 R L Labbé 
37 R L Labbé 
38 R R Labbé Trolard 
39 R L Labbé 
40 L L Trolard Trolard, Labbé, Sylvian 
41 Rand L R Labbé Trolard 
42 R L Sylvian Sylvian 
43 L R Labbé Sylvian 








at the level of the torcular Herophili is brain, while the left transverse sinus, the 
important. The right transverse sinus, the left sigmoid sinus and the left internal jugu- 
right sigmoid sinus and the right internal lar vein contain blood mainly from the 
jugular vein contain blcod derived mainly central and deep parts of the brain. 

from the cortex and superficial parts of the These observations have served as a basis 
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Taste V 


RELATIONSHIP OF RIGHT HEMISPHERIC DOMINANCE 
AND SUPERFICIAL VENOUS PREDOMINANCE 





Bilateral Unilateral 


Angiography | Angiography 
8 cases | т case 
L 
ў т 


{ 
i 
i 


vein of Trolard, 1. = vein of Labbé, and 5 
zsylvian vein. 


T 


Taste VI 


RELATIONSHIP OF LEFT HEMISPHERIC DOMINANCE 
AND SUPERFICIAL VENOUS PREDOMINANCE 








Unilateral 


Bilateral | 
Angiography | Angiography 


21 cases 13 cases 





| Ro o I 
| лд. LE 
T n 
— Г; 
T = 
— L 
i Т А, 
| TL 
| = L 
| — L 
| TS 
| | — | Is 
r | L [ — | “FES 
TL т, | | 
TL. | TL | 
T | 1. | 
T | TL f 
io 73 L 
L | IS 
T l TLS | 
S | Bu 3 


T=vein of Trolard, L=vein of Labbé, and 5 
= sylvian vein. 
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for practical therapeutic and diagnostic 
approaches. Because of the difference in 
behavior of the vessels at the level of the 
torcular Herophili, a "brain revasculariza- 
tion" operation consisting of the creation of 
a fistula between the common carotid and 
the jugular vein on the right was suggested 
bv Beck and co-workers. Certain differ- 
ences in the results of the Queckenstedt 
maneuver, dependent on whether the com- 
pression is made on the right or left jugular 
vein, have been tentatively explained by 
this anatomo-functional peculiarity at the 
level of the torcular Herophili. The varia- 
tions in symptoms caused by tumors block- 
ing the venous drainage on one side or the 
other have also been ascribed by Gibbs? to 
these differences at the level of the torcular 
Herophili. 

Anatomic studies of Mannu,? Testut,'* 
Edwards, Padget! and Woodhall” are in 
good agreement that the three most fre- 
quent arrangements of the sinuses at the 
torcular Herophili are: (1) éifurcating 
sinuses, encountered in about со per cent of 
the cases, in which both the superior and 
straight sinuses divide equally or un- 
equally; (2) unequal deviation, encountered 
in 30 per cent of the cases, in which the 
superior longitudinal sinus leans to one side 
or the other and ends in either the left or, 
more frequently, the right transverse sinus; 
the straight sinus in these cases ends in the 
opposite transverse sinus, usually the left; 
(3) unilateral deviation, rare, in which both 
the superior longitudinal sinus and straight 
sinus deviate to one side and send slender 
communications to form the transverse 
sinus of the other side. In this tvpe the 
greatest inequality in the size of the trans- 
verse sinuses is found. In a series of 100 
normal sinograms, Morris!" obtained roent- 
genographic data comparable to the above 
mentioned anatomic findings. Nylin, Hed- 
lund, and Regnstróm"* in a recent study 
of the cerebral circulation with labelled 
red cells in normal subjects found that the 
injected erythrocytes were drained sym- 
metrically through the two jugular bulbs 
after one carotid injection in 10 cases out of 
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Tase VH 
DRAINAGE FROM SUPERIOR LONGITUDINAL SINUS 
AND SINUS RECTUS INTO RIGHT AND LEFT 
TRANSVERSE SINUSES 






Left Carotid 
Injection 


Right Carotid 
Injection 













eft | Right 











Case No. Right I Left 
| Trans- Trans- | Trans. Trans- 
| verse verse verse verse 
| Sinus — Sinus Sinus — Sinus 

1 poo iz "E F 

2 | c + + sr 

3 F + ШЕ = 

4 + + + F 

5 T ge + + 

6 [э СЕ + Ae + 

7 | © F do 26 T 

8 + + | o + 

9 RH о о * 
10 23 Rog SE 
11 F XE EE T 
12 | s o T о 
13 + + + + 
14 + о T + 
15 T ES un T 
16 + + + de 
17 + + F + 
18 T + + F 
19 + o | + о 
20 + + ae s 
21 | + "E | + + 
22 | + и T © 
23 ү ose dX or БВ d 
24 b oce o | + + 
2$ ШЕ, Че. |. Р + 
26 | + o | + o 
27 [cds LM ер + 
28 ] cb А + F 
29 + ы Пр + 
3o | + + | + + 
31 Mi: o | + F 
32 + o | + + 
33 EG de d ow F 
34 foe H s Eg 
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34 (29 per cent). In 8 cases (24 per cent) 
none or very slight activity was drained 
from the contralateral bulb after one carot- 
id injection indicating that most of the 
injected labelled erythrocytes had passed 
through the ipsilateral jugular bulb. 

Our observations were made from a series 
of 35 bilateral carotid angiographies in 
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which good filling of the superior longitudi- 
nal sinus, sinus rectus and transverse 
sinuses was obtained. The results are sum- 
marized in Table vir. In 24 cases (68.57 per 
cent) the contrast medium entered both the 
right and left transverse sinuses at the level 
of the torcular Herophili with approximate 
equal distribution, independent of the side 
injected (Fig. 16, 4 and B). In 4 cases 
(11.4 per cent) one of the transverse sinuses 
was dominant and received most of the 
medium from both hemispheres (Fig. 17, 
A and B). Of these 4 cases, 3 showed a right 
and one a left dominant sinus. In 1 case a 
complete lateralization of drainage was 
noted; the right transverse sinus received 
contrast material only from the right and 
the left sinus only from the left hemisphere. 
In 4 cases the medium entered the right 
transverse sinus from the right and both 
sinuses after left carotid injection. In 2 
cases the opaque substance entered both 
sinuses after injection into the right carotid. 
The left injection produced filling of the 
left transverse sinus in 1 case and of the 
right in the other. By the use of oblique 
roentgenograms, it was possible in 1 case to 
demonstrate angiographically the discharge 
of the sinus rectus exclusivelv into the left 
transverse sinus (Fig. 18, Z and B). 

In the course of this study we were also 
able to confirm bv angiogr aphy an ampul- 
lary dilatation at the point where the in- 
ferior longitudinal sinus and great vein of 
Galen fuse to form the straight sinus (Fig. 
185). This ampullary dilatation, not to be 
confused with the ampulla Galeni, has been 
described anatomically by Nikiforov! as 
"confluens sinuum anterior" as opposed to 
the posterior confluens, the torcular Her- 
ophili. 


SUMMARY 


Angiographic evidence is offered that the 
superficial cerebral veins are not situated 
"at random" but arranged according to 
determinate patterns. The three most 
important pathways of superficial venous 
drainage are the vein of Trolard, the super- 
ficial sylvian vein and the vein of Labbé. In 
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[ Fic. 16. Contrast medium entering from superior longitudinal and straight sinuses into both transverse 
sinuses after (4) right carotid and (B) left carotid injection. 








Fic. 17. Right transverse sinus receives contrast medium from both hemispheres 
after (4) right and (B) left carotid injection. 
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Vic. 18. G4) Straight sinus drains exclusively into left transverse sinus. Large arrow points to bifurcation of 
superior longitudinal sinus located considerably higher than usual. (2) Straight sinus drains exclusively 
into left transverse sinus (large arrows). Long arrow points to high bifurcation of superior longitudinal 
sinus. Small arrows outline ampullary dilatation: "confluens sinuum anterior," 


the great majoritv of cases one of these 
three venous channels “predominates,” 
7.е., 18 larger than the others. Occasionally, 
two of these three channels, and only 
exceptionally all three, are of equal size. 

The superficial venous discharge in the 
two hemispheres is generally different. In 
the present series the vein of Labbé pre- 
dominates in the dominant hemisphere and 
the vein of Trolard in the nondominant 
hemisphere with a statistically significant 
incidence. The combination of Labbé’s vein 
in the dominant and Trolard’s vein in the 
nondominant hemispheres of each and the 
same patient also shows a statistically sig- 
nificant frequency. 

Angiographic studies of the dural sinuses 
at the level of the torcular Herophili show 
that the blood from the superior longitudi- 
nal sinus and the sinus rectus enters in the 
majority of cases into the right and left 
transverse sinuses with approximately 
equal distribution. In a few cases, one of 
the transverse sinuses predominates and 
receives. blood from both hemispheres; 


rarely, the right transverse sinus receives 

blood only from the right and the left trans- 

verse sinus only from the left hemisphere. 

In exceptional cases it is possible to dem- 

onstrate angiographically that the blood 

trom the deep brain, which is carried by the 

sinus rectus, discharges only into the left 

transverse sinus. 

Giovanni Di Chiro, M.D. 

Head, Section on Neuroradiology 

National Institute of Neurological Diseases and 
Blindness 

National Institutes of Health 

Building то, Room ioDi16 

Bethesda, Maryland 


The Wada tests were carried out by Drs. 
Edward Laskowski and Herbert Lansdell. Dr. 
Frank Macri offered valuable and constructive 
criticism, Mrs. Doris Sadowsky is responsible 
for the statistical analysis of the data. 
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ERTEBRAL angiography has been 

an accepted procedure for several 
years, ? 57,5 but has not as vet received 
the same amount of detailed attention as 
carotid angiographv. It has been most use- 
ful in the diagnosis of aneurysms or arterio- 
venous anomalies in the posterior fossa as 
well as in the delineation of tumors with ab- 
normal vasculature.^* The recognition, 
however, of tumors in the absence of a dis- 
tinct stain on the basis of deviations or 
deformities of the normal cerebral vessels is 
frequently difficult because of many varia- 
tions in the origin and distribution of these 
vessels. Variations in the course and distri- 
bution of the posterior inferior cerebellar 
artery are greater than those of the superior 
cerebellar artery. It is nevertheless possible 
to delineate a typical or standard configu- 
ration and area of supply for the posterior 
inferior cerebellar artery in both the lateral 
and anteroposterior projections (Fig. 1, £ 
and В). The recognition of normal varia- 
tions (Fig. 2, 4, B and C; 3, 4, B and С; 
and 4, Гапа В) and of pathologic devia- 
tions is simplified by comparison with this 
typical pattern. 

The course of the posterior inferior cere- 
bellar artery is intimately related to the 
adjacent structures which it supplies, 
specifically, the medulla, the inferior por- 
tion of the fourth ventricle, the inferior 
vermis, the tonsils and the inferior aspects 
of the cerebellar hemispheres. It is possible 
to localize these structures because of the 
characteristic configuration of the vessel in 
relationship to them. There are, however, 
also random features which are not directly 
determined by the anatomy of the brain 
stem and cerebellum. For example, the site 
of origin of the posterior inferior cerebellar 


artery from the vertebral artery may vary 
from a point well below the level of the 
foramen magnum to the junction of the 
vertebral artery with the basilar artery. 
The course of the stem or first portion of the 
posterior inferior cerebellar artery will de- 
pend primarily on the site of origin. In the 
anteroposterior projection, the first portion 
of this vessel may be lateral or medial to the 
vertebral artery, depending on a high or a 
low take-off (Fig. 5). The sites of origin of 
the smaller branches of the posterior infe- 
rior cerebellar artery are also very variable. 
Branches to the same region may arise from 
different parts of the vessel. 

The course of the posterior inferior cere- 
БеПаг artery after its stem is conventionally 
described as forming a caudal loop followed 
by a cranial loop (Fig. 1.4; 2, 4, B and Єў 
and 3, 4, В and С). This description is 
primarily based on the appearance of the 
vessel in the lateral projection. These loops, 
however, can also be identified and similar 
terminology may be used when describing 
their appearance in the anteroposterior pro- 
jection (Fig. 1B; 4, 4 and B; 5; and 6, 4, 
B and C). The caudal loop curves around 
the medulla, often at the lower margin of 
the tonsil, to reach the region in front and 
medial to the tonsil where it lies on the 
inferior medullary velum, the roof of the 
fourth ventricle. Since the cranial loop 
follows immediately upon the caudal loop, 
they share a common limb which, in the 
diagrammatic representations (Fig. 1, 4 
and В), has been designated as segment 2. 
The lowermost extent of the caudal loop 
or its apical portion may extend below the 
level of the foramen magnum. In some 
instances, this loop reaches well into the 
spinal canal along the side of the cord and 


* From the Department of Radiology of The Mount Sinai Hospital, New York, New York. 
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Fic. 1. (4) Diagrammatic representation of the typical appearance of the posterior inferior cerebellar artery 
in the lateral projection. After a variable origin, a caudal loop (segments 1 and 2) and a cranial loop (seg- 
ments 2 and 3) are formed. Each loop may be said to consist of an anterior and a posterior limb with 
connecting segments or apices (asterisks). The posterior limb of the caudal loop and the anterior limb 
of the cranial loop are identical (segment 2). The main branches of the posterior inferior cerebellar artery 
usually arise a short distance distal to the apex of the cranial loop. The vermis branch runs posteriorly 
in the sulcus valleculae along the inferior aspect of the inferior vermis. The inferior vermis includes the 
nodulus (N) related to the roof of the fourth ventricle (dotted outline), the uvula (U), the pyramid (P), 
and the tuber (Т). The tonsil may be said to lie roughly in the hollow of the cranial loop, that is, between 
segments 2 and 3. The vermis branch also forms a flat loop convex inferiorly with a local exaggeration in 
the region of the pyramid ("posterior loop"). The terminal portion of the vermis branch curves around 
the tuber in the posterior cerebellar notch. The tonsillo-hemispheric branch runs inferiorly near the 
posterior margin of the tonsil (prepyramidal sulcus), forming the posterior limb of the cranial loop (seg- 
ment 3). Inferiorly this vessel gives off anterior or tonsillar branches and posterior or hemispheric branches 
which curve downwards and backwards around the biventral lobule to the under aspect of the cerebellar 
hemisphere. 

(B) Diagrammatic representation of the typical configuration of the posterior inferior cerebellar artery 
in the half-axial anteroposterior projection. The designations correspond to those used in 4. The first 
portion of the artery prior to the formation of the caudal loop is frequently obscured by the vertebral artery. 
Its course, medial or lateral to the vertebral artery, varies, depending on whether the take-off is low or 
high. The caudal loop, however, can be identified and must extend as far laterally as the lateral aspect of 
the medulla, The apex of the cranial loop is located close to the mid-line but may be 2 mm. to either side 
of the mid-line. The apices of the caudal and cranial loops in this projection correspond only арргохі- 
mately to the apices of the loops in the lateral projection. It is usually difficult to identify clearly the pos- 
terior limb of the cranial loop (segment 3), that is, the tonsillo-hemispheric branch. However, the pos- 
terior loop in the region of the pyramid (P) is easily recognizable by its typical laterally convex con- 
figuration. This lateral deviation of the posterior loop is due to the relatively greater width of the pyra- 
mid and its wings as compared to the adjacent portions of the vermis. The terminal portion of the vermis 
branch returns to the mid-line and turns around the tuber to extend forward on the superior aspect of the 
vermis. The opposite curvatures of the cranial and posterior loops in this projection create a characteristic 
S.shaped appearance. The relative sizes and relationships of the two portions of this S configuration de- 
pend on the exact angle of projection. 
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Vic. 2. Typical appearance of the posterior in- 
ferior cerebellar artery in the lateral projec- 
поп. Three examples of acute angulation at 
the apex of the cranial loop: 

GT) The posterior inferior cerebellar artery 
arises unusually low from the vertebral artery 
within the upper end of the spinal canal. The 
caudal loop is therefore rather flat and broad. 
The ascending or anterior limb of the cranial 
loop is well demonstrated and shows a double 
curvature, The apical segment of the cranial 

loop is acutely angulated (upper arrow) on the 

anterior limb and runs posteriorly with a mod- 
erate convexity inferiorly (U). The posterior 
limb of the cranial loop, that is, the tonsillo-hemispherie branch (lower arrow) is relatively thin. Vermis 

branches extend posteriorly in à typical fashion with a localized inferior looping at the site of the pyramid (P). 

These branches turn around (asterisk) the tuber to anastomose on. the superior surface of the vermis with 

branches of the superior cerebellar artery. 

(B) The origin and the anterior limb of the caudal loop are obscured by the broad vertebral artery. Th 
apex of the caudal loop descends to the level of the foramen magnum. The ascending limb of the cranial loo 
is vertical and straight. There ts an acute angulation (upper arrow) at the junction of the anterior limb of 
the cranial loop with the apical segment. The apical segment extends posteriorly with a moderate convexity 
superiorly (L). The tonsillo-hemispheric branch (lower arrow) or the posterior limb of the cranial loop shows 
à tortuous course as it descends inferiorly to run along the under aspect of the cerebellar hemisphere. The 
vermis branch shows a typical configuration (D) and terminates (asterisk) in a loop which continues to run 
posteriorly on the medial aspect of the cerebellar hemisphere instead of turning forward over the tuber. 

(C) The caudal loop is symmetric and smoothly curved. There is an acute angulation (upper arrow) of 
the anterior limb of the cranial loop with the apical or connecting segment which extends posteriorly almost 
horizontally. In addition, there is a short thin branch which arises from the apex (upper arrow) and extends 
further superiorly and posteriorly in the line of the anterior limb of the cranial loop. This branch extends as 
high as the apex or fastigium of the fourth ventricle. There is early division of the main stem into a relatively 
large tonsillar branch (lower arrow) and a tvpical vermis branch (P). 
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Fic. 3. Three examples of round apical portions of 
the cranial loop: 

(4) The caudal and cranial loop are roughly 
similar in size and configuration. The apical por- 
tion of the cranial loop (upper arrow) is sym- 
metrically rounded. The regions of the uvula (U), 
the pyramid (P) and the posterior end of the 
tuber (asterisk) are outlined by the apical portion 
of the main stem and the vermis branch. The 
tonsillar branches ramify below the cranial loop, 
that is, on the medial and inferior aspects of the 
tonsil. The hemispheric branch (lower arrow) de- 
scends along the posterior aspect of the tonsil to 
supply the inferior aspect of the hemisphere. 


(B) The posterior inferior cerebellar artery shows a smoothly undulating course with a tall cranial loop 
which extends unusually far superiorly (upper arrow). The posterior limb of the cranial loop is formed 
by a large tonsillo-hemispheric branch (lower arrow). The vermis branch shows a typical posterior loop 
with local exaggeration at the site of the pyramid (P). The region of the tuber appears to be rather flat. 
Small terminal vermis branches can be seen (asterisk) extending both anteriorly and posteriorly. 

(C) The cranial loop in this patient is unusually tall and wide. A small extra loop (lower arrow) is super- 
imposed on the anterior limb. The apex of this cranial loop (upper arrow) is located unusually high and 
continues without any change in caliber into the posterior or descending limb. Vermis branches are not 


evident. 


presents a narrow hairpin appearance. This 
course must be considered anomalous, 
since the lower portion of the loop does not 
correspond to the inferior margin of the 
tonsil. In cases of displacement of the 
caudal loop due to tonsillar herniation, the 
loop is said to be relatively wide. Because 
of these normal variations, however, the 
diagnostic features of tonsillar herniation 
are uncertain. In most instances, the apex 
of the caudal loop lies distinctly above the 
foramen magnum, has a rounded appear- 
ance, and corresponds fairly closely to the 
lower margin of the tonsil. In the antero- 


posterior projection (Fig. 4, 7 and B; 5; 
and 6, 4, B and C), the lateral extent of the 
caudal loop corresponds to the lateral 
aspect of the medulla. The height to which 
the anterior limb of the cranial loop (seg- 
ment 2, Fig. 1.7) reaches superiorly shows 
less variation than the distal extent of the 
caudal loop. The position of the apex of the 
cranial loop is determined by the site of at- 
tachment of the inferior medullarv velum 
in the region of the nodulus. When this 
attachment is located laterally to the nodu- 
lus arid the Zzi-mortion of the inferior 
medullary is absent; the region 
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) The posterior inferior cerebellar artery as seen in the half axial anteroposterior projection, The 
other cerebellar arteries were only poorly demonstrated, presumably. because of technical difficulties in 
the performance of the injection. The lateral arrow marks the apex of the caudal loop, corresponding to 
the lateral aspect of the medulla. The medial arrow marks the apex of the cranial loop on the medial 
surface of the tonsil. In this case, there is no well-developed tonsillo-hemispheric branch and the posterior 
continuation of the cranial loop is directly into the vermis branch. This shows the typical lateral convexity 
or posterior loop in the region of the pyramid (P). Behind this area, the vessel returns to the mid-line in 
the region of the tuber (asterisk). 

(В) The lateral projection in the same patient. The arrows mark the apices of the caudal and cramial 
loops. As on the anteroposterior roentgenogram, there is no evidence of a well-developed tonsillo-hemi- 
spheric branch. There is acute angulation at the junction of the anterior limb of the cranial loop with a 
tortuous apical or connecting segment. The vermis branch has a characteristic configuration (P) except for 


its posterior end (asterisk) which continues directly posteriorly to the internal occipital protuberance. 


in the mid-line in front of the nodulus 
is not a free space and the artery cannot 
extend as high as the fastigium or apex of 
the fourth ventricle. In some instances, 
however, there is a free space between the 
central portion of the inferior medullary 
velum and the nodulus, and the apex of the 
cranial loop may extend to the fastigium. 


Vic. 5. The position of the head in this projection 
resembles that seen in an anteroposterior Water's 
projection. The posterior inferior cerebellar artery 
arises rather low (asterisk) and runs medially be- 
fore reversing itself and forming the caudal loop 
(arrow A). The apex of the cranial loop (arrow В) 

reaches the mid-line. The posterior or pyramid 

loop (P) is well seen and the terminal portion of 
the vermis branch returns to the mid-line and 
hooks (arrow C) over the tuber to run forward. 
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The apical or connecting portion of the 
cranial loop shows a somewhat variable 
configuration as seen in the lateral projec- 
tion. There is often a rather acute angula- 
tion at the apex or at the junction of the 
anterior limb with the apical or transverse 
portion (Fig. 2,.4, B and С). In other cases, 
however, the apical portion of the cranial 
loop shows a symmetric rounded configura- 
tion (Fig. 3, 4, B and C). The apical 
portion of the posterior inferior cerebellar 
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с. 6. Three examples of the typical con- 
figuration of the posterior inferior cere- 
bellar artery in the anteroposterior half- 
axial projection: 

(4) The caudal loop is obscured by 
the vertebral artery. The apex of the 
cranial loop (arrow) is about 2 mm. lateral 
to the mid-line. The size of the posterior - 
loop (Р) isapproximately the same as that 
of the cranial loop. 

(B) The apex of the cranial loop ex- 
tends slightly beyond the mid.line to- 
wards theopposite side. From this point, a 
large branch (arrow) extends horizontally 
towards the opposite side. The vermis 
branch (P) of the posterior inferior cere- 
bellar artery has a typical configuration. 

(C) The apex of the cranial loop (ar- 
row) extends beyond the mid-line to the 
opposite side. The posterior loop (P) is 
quite small in comparison to the size of 
the cranial loop but this is partly due to 
the angle of projection. 


artery 1s related to the uvula of the in- 
ferlor vermis, and as 1t extends posteri- 
orly may be straight or show a slight 
convexity superiorly or inferiorly. In the 
anteroposterior projection (Fig. 4, Zand В; 
5; and 6, 4, B and C), the cranial loop is 
markedly convex towards the mid-line and 
in most cases its apex lies within a short 
distance, 1 or 2 mm. of the mid-line on one 
or the other side. The convexity of the 
cranial loop in the anteroposterior projec- 
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Fic, 7. Example of an expanding lesion in the left cerebellar hemisphere: 
(4) The anteroposterior angiogram shows marked displacement of the posterior inferior cerebellar 


artery towards the right (arrows A and B). 


The caudal loop (arrow C) remains on the left side. 


The ter- 


minal portion (arrow D) of the displaced vermis branch returns to the mid-line, suggesting that the 


neoplasm is located anteriorly. 


(B) In the lateral projection, there is little indication of the marked contralateral displacement. 


The 


cranial loop as well as its branches do not appear to be remarkable. The caudal loop, however, is straight- 


ened and elongated (arrow). 

tion is due to the medial bulging of the 
tonsil into the vallecula. The fact that this 
portion of the posterior inferior cerebellar 
artery lies closely to the mid-line is very 
useful in the determination of lateral dis- 
placements. Slight displacement то the 
opposite side, however, is not necessarily 
abnormal. An evaluation of the significance 
of prs кое of this vessel (Fig. 
7, М and B; and 8, Æ and B) must also 
depend on the солей еп of the vessel 
as well. True lateral displacement is associ- 
ated with flattening or reversal of the nor- 
mal medial convexity of the cranial loop. 


In the majority of cases, the branching of 


the posterior inferior cerebellar artery into 
its two main terminal branches, namely, the 
vermis branch and the tonsillo-hemispheric 
branch, occurs a short distance bevond the 
apex of the cranial loop. These branches 
are often not of identical size. One or the 
other may be the larger and appear as a 
direct communication of the main channel. 
When the tonsillo-hemispheric branch is 


the larger channel, the cranial loop is com- 
plete since it is this branch which forms the 
posterior or descending limb of this loop. 
The tonsillo-hemispheric branch descends 
approximately clong the posterior margin 
of the medial aspect of the tonsil and di- 
vides into tonsillar branches which extend 
anteriorly and hemispheric branches which 
extend downwards and posteriorly. The 
hemispheric branches as they turn around 
the biventrzl lobule to run on the under 
aspect of the cerebellar hemisphere are fre- 
quently so close to the occipital bone that 
they are obscured. In the anteroposterior 
projection, the tonsillo-hemispheric branch 
is frequently difficult to identify and, asa 
result, the cranial loop in this projection is 
often incomplete (Fig. 4, 7 and В). In this 
projection, small branches to the inferior 
aspects of tae tonsils and cerebellar hemi- 
spheres may be seen arising from the stem 
or from the caudal loop of the posterior 
inferior cerebellar artery. 

The vermis branch of the posterior infe- 
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Fic. 8. Two examples of displacement of the posterior inferior cerebellar artery towards the injected side: 
(4) This patient had a recurrent tumor of the right cerebellar hemisphere. The injection was done in 
the left vertebral artery and the left posterior inferior cerebellar artery was filled. This is clearly displaced 
towards the left side and shows a convexity (lower arrow) towards the left as well. The normal S-shaped 
configuration of the posterior inferior cerebellar artery is effaced. Incidentally, there are also elevation and 
flattening of the nght superior cerebellar artery (upper arrow). 
(B) A similar case showing displacement of the homolateral posterior inferior cerebellar artery. The 
displacement and flattening are most marked posteriorly (arrow), that is, in the vermis branch. A tumor in- 
volving the vermis was found at operation. 








Fic. 9. Two examples of very narrow cranial loops: 

(1) The cranial loop (upper arrow) is quite narrow and the vermis branch is undulating in configura- 
поп, However, the inferior looping due to the pyramid (P) and the course around the tuber (T) are 
evident. A large recurrent tonsillar branch arises from the ascending limb of the cranial loop (lower arrow). 
In addition, there is a tortuous communicating vessel (asterisk) between the superior cerebellar and the 
inferior cerebellar arteries. 

(B) The cranial loop is narrow and the limbs of this loop are reversed, that is, the more posteriorly 
located limb (segment 2) is more proximally located than the anterior limb (segment 3). The vermis and 
tonsillo-hemispheric branches come of the lower part of the more distal, more anteriorly located limb and 
show atypical courses as they extend posteriorly. 


339 





Bernard S. Wolf, Charles M. Newman and Mansho T. Khilnani 


FigngCARY, 1962 





Vic. то, Three examples of anomalous appear- 
ance of the posterior inferior. cerebellar 
arterv in the lateral projection: 

G7) The caudal loop and the ascending 
limb of the cranial loop are not remarkable 
but the vessel bifureates (arrow A) prema- 
turely into a tonsillar branch and a branch 
which gives rise to the vermis and hemi- 
spheric branches. A "pseudo-apex" is formed 
posteriorly (arrow B) by this unusual 
vermo-hemispheric branch. Orientation is 
facilitated by recognition of the typical pyra- 
mid loop (Р). 

(В) The cranial “Joop” has a triangular 
appearance with a pointed apex (arrow) and 
is quite Jow in position. A thin branch con- 


tinues to run upwards from the apex and becomes the vermis branch. The main channel continues as the 


hemispheric branch. 


(C) The posterior inferior cerebellar artery as such is not evident and appears to be absent. However, 
transverse vessels (arrows) arising from the basilar artery send branches to the regions ordinarily supplied 
by the posterior inferior cerebellar artery. In other words, anterior inferior cerebellar arteries replace the 


posterior inferior cerebellar artery in this case. 


rior cerebellar artery shows a considerably 
more characteristic course in both the 
lateral and anteroposterior projections than 
the tonsillo-hemispheric branch. It runs on 
the under aspect of the inferior vermis or in 
the sulcus valleculae between the inferior 
vermis and the cerebellar hemisphere. In 
this location, the vermis branch also forms 
a loop, convex inferiorly and laterally—the 
“posterior” loop. In the region of the 
pyramid in both projections, there is a 
unique local exaggeration of this loop due 
to the fact that the pyramid and its wings 
form a wider and thicker structure than 
the other portions of the inferior vermis. 


In contrast to the medial convexity of the 
cranial loop, the posterior loop is convex 
laterally, The combination of these two 
loops forms a characteristic S-shaped con- 
figuration in the anteroposterior projection 
(Fig. 4, Z and B; 5; and 6, 4, B and С). 
However, the relative size of these loops as 
well as their specific configuration in this 
view depends a great deal on the exact 
angle of projection. Since the inferior 
vermis does not extend as far posteriorlv as 
the cerebellar hemispheres because of the 
posterior cerebellar notch, the termination 
of the vermis branch as it turns around the 
tuber is normally at some distance from the 
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Vic. 11. Examples of atvpical configura- 
tions of the posterior inferior cerebellar 
artery in the semi-axial anteroposterior 
projection: 

(4) The typical curvatures of the 
posterior inferior cerebellar artery (ar- 
row A) are absent and the central por- 
tion of the vessel is unusually straight. 
Hemispherical branches (arrow B) come 
off the main stem posteriorly, 

(B) The ascending limb of the cran- 
ial loop (arrow A) is located unusually 
far laterally. No large branch extends 
posteriorly in relationship to the vermis. 
Instead, a large branch (arrow B) de- 
scends with a loop convex towards the 
mid-line and gives off numerous small 
branches inferiorly to the under aspect 
of both tonsils. A large hemispherical 
branch (arrow C) arises from the stem 
of the posterior inferior cerebellar ar- 


tery. In the Jateral projection in this patient (not demonstrated), the cranial loop was thin and 
pointed, resembling the configuration shown in Figure 108. 

(C) A transverse loop is formed between the anterior inferior cerebellar artery (arrow A) and the 
posterior inferior cerebellar artery (arrows B and C). This anastomotic branch of the posterior 
inferior cerebellar artery is located on the anterior aspect of the medulla and cerebellar hemisphere 
and is distinct from the posteriorly directed branches. 


internal occipital protuberance. The termi- 
nal branches of the vermis artery are 
frequently multiple, some going over the 
superior aspect of the tuber to anastomose 
with the branches of the superior cerebellar 
artery (Fig. 24), while others continue 
posteriorly on the medial aspect of the 


cerebellar hemisphere (Fig. 25). In the 
lateral projection, the terminal portion of 
this vessel usually shows a loop convex 
posteriorly (Fig. 2.7). In the anteroposte- 
rior projection, this portion of the vermis 
branch is in the mid-line (Fig. 4,7). The 
small twigs given off from its termination 
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Vic. 12, Examples of a large posterior meningeal branch of the vertebral artery: 
GT) The lateral angiogram shows the origin (lower arrow) of the meningeal branch and its course 
through the foramen magnum and along the floor tupper arrow) of the posterior fossa to the internal oc- 


cipital protuberance. 


(B) The posterior meningeal branch of the vertebral artery as seen in the anteroposterior projection is 
in or immediately adjacent to the mid-line (arrow). It is considerably straighter than the posterior in- 


ferior cerebellar artery. 


may, however, extend posteriorly and 


laterally, on the medial inferior aspect of 


the cerebellar hemisphere. 

As already noted, there are numerous 
variations from the typical course and con- 
figuration of the posterior inferior cerebel- 
lar artery (Fig. 9, Z and B; 10, 7, B and 
C; and тт, Æ, B and C). In some cases the 


cranial loop is quite narrow (Fig. 9.7) and 





occasionally the relationship of the limbs of 


this loop is reversed (Fig. 9B). In other 
cases, the posterior inferior crebellar artery 
fails to give rise to any significant vermis 
branch but supplies only the tonsil and the 
inferior aspect of the cerebellar hemisphere 
(Fig. 10B; and 118). In such instances, 
vermis branches тау arise from anterior 
inferior or superior cerebellar vessels. Ana- 
stomoses between the anterior inferior 
cerebellar vessels and the posterior inferior 
cerebellar arteries are not unusual. In some 
instances, there is no evidence of any pos- 
terior inferior cerebellar artery and both 
tonsillar and vermis branches arise from 
anterior inferior or superior cerebellar ves- 


sels (Fig. 10C). It is not uncommon for the 
posterior inferior cerebellar artery of one 
side to give branches to the opposite tonsil 
(Fig. 6B). In fact, the posterior inferior 
cerebellar artery on one side may be com- 
pletely replaced by a branch from the 
opposite posterior inferior cerebellar artery. 
In this connection, it might be noted that 
only one posterior inferior cerebellar artery 
will ordinarily be filled in the course of 
vertebral angiography. ‘This has some ad- 
vantage in the interpretation of the lateral 
angiogram because of absence of superim- 
position. In the anteroposterior projection, 
however, comparison between the two sides 
may not be possible. Vertebral angiography 
should therefore preferably be done on the 
side of the suspected lesion. However, since 
both posterior inferior cerebellar arteries 
often show similar displacements, it is pos- 
sible to draw similar conclusions from one 
or the other (Fig. 8, Z and B). A confusing 
factor in the recognition of the posterior in- 
ferior cerebellar artery in the anteroposter- 
ior projection is the visualization of a 
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Fic. 13. Two examples of downward and posterior displacement of the posterior inferior cerebellar artery: 
(4) The configuration of the posterior inferior cerebellar artery shows a markedly abnormal appearance. 
The apes of the cranial loop (arrow B) is displaced posteriorly as well as inferiorly. The segment of the 


vessel anterior to the cranial loop (arrow A) 15 е 


ongated and markedly stretched. The vermis branch 


(arrow C) is displaced towards the floor of the posterior fossa. These changes were the result of a tentorial 
meningioma which compressed the fourth ventricle from above. 

(B) The cranial loop is displaced downward and backward (upper arrow). The vermis branch is mod- 
erately displaced towards the base of the skull. A markedly elongated hairpin loop (lower arrow) extends 
down into the spinal canal. The appearance of this loop, however, is not necessarily abnormal. A tentoria 


meningioma was found in this patient. 


rather constant posterior meningeal artery 
(Fig. 12, Æ and В) which arises from the 
vertebral artery near the foramen magnum 
and runs posteriorly and upwards in or 
near the mid-line adjacent to the bone. In 
contrast to the posterior inferior cerebellar 
arterv, this vessel has a straight, sometimes 
finelv undulating, course which, combined 
with its characteristic location in the lateral 
projection, serves to distinguish it from the 
posterior inferior cerebellar artery. 

As pointed out above, displacements of 
the posterior inferior cerebellar artery 
away from the mid-line can ordinarily be 
recognized on a suitable anteroposterior 
angiogram. The side of an expanding lesion 
can thereby be determined (Fig. 7, Æ and 
B; and 8, 4 and В). Occasionally, displace- 
ment may be confined or maximal in either 
the anterior or posterior portion of the 
vessel, suggesting anteroposterior localiza- 
tion as well. However, such anteroposterior 
localization is difficult and may be equivo- 
cal if asymmetric tonsillar herniation 
should be present. The lateral angiogram is 
more suitable for the recognition of antero- 


posterior displacement and is most useful 
in the recognition of downward dislocation. 
The most common type of displacement of 
this vessel is downwards and backwards 
(Fig. 15, Æ and B), due to tumors in the 
region of the tentorial notch or upper brain 
stem or as a result of tentorial herniation. 
Such displacement is most clearly seen by 
observation of the position and configura- 
tion of the cranial loop. The apex of the 
loop is located unusually far posteriorly and 
is unusually low in position. The cranial 
loop is also narrowed and tilted posteriorly 
with its anterior. limb flattened and 
stretched posteriorly. The caudal loop may 
also be stretched and partially effaced. 
Forward (Fig. 14) or forward and down- 
ward displacement of the posterior inferior 
cerebellar artery occurs as a result of 
tumors in the posterior portion of the 
cerebellum. In such instances, the apex of 
the cranial loop appears displaced forward 
and the posteriorly directed branches are 
flattened or stretched. Downward displace- 
ment of the apical portion of the cranial 
loop is usually combined with downward 
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Fre, 14. An example of anterior displacement of the 
cranial loop. The cranial loop and its posterior 
limb (upper arrow) are displaced in a forward di- 
rection. The cranial loop is obscured by overlying 
bone but is presumably narrowed. The posterior 
branches are elongated and flattened (lower ar- 
row). These changes were the result of a meta- 
static lesion in the cerebellar hemisphere from a 
carcinoma of the sigmoid. 


displacement of the vermis branch (Fig. 
15). Since the hemispheric branches can 
hardly be displaced inferiorly, downward 
displacement of the vermis branches results 
in a diminution in the distance between the 
vermis and the hemispherical branches as 
seen in the lateral projection. In such cases, 





Fic. rg. An example of marked downward and 
forward displacement of the posterior inferior 
cerebellar artery. The posterior inferior cerebellar 
artery farrows) is so markedly displaced down- 
wards that much of it is obscured by the bony 
margins of the foramen magnum. At operation, 
a hemangioblastoma was found in the cerebellar 
hemisphere. 
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Vic. 16. Tumor of the brain stem in a child. The 
apex of the сгала оор (arrow B) is displaced 
backwards, In addition, the caudal loop (arrow А) 
is flattened and stretched. 


it may be difficult to distinguish between 
these two sets of branches. Upward dis- 
placement of the posterior inferior cerebel- 
lar artery is rare since few tumors occur 
below this vessel. The general angiographic 
principle that a localized deformity of a 
portion of the vessel is likely to be associ- 
ated with a tumor in its immediate neigh- 
borhood while a more generalized displace- 
ment is more likely to be the result of a 
distant expanding process —also applies to 
the interpretation of abnormalities in the 
configuration of the posterior inferior cere- 
bellar artery (Fig. 16; and 17, Zand B). 
Displacements of the posterior inferior 
cerebellar artery in the lateral projection 
can frequently be determined by simple 
visual inspection which effectively com- 
bines displacement with changes in con- 
figuration. In some cases, however, dis- 
placement is not obvious, particularly if 
deformity of the vessel is not present. It 
would be convenient if a semi-quantitative 
estimate of the normal location of some part 
of this vessel could be devised. An attempt 
was made, in a group of presumably normal 
cases, to determine the relationship of the 
apex or highest point of the cranial loop to 
Twining’s line. This line was chosen be- 
cause of its well known usefulness in de- 
termining the position of the fourth ven- 
tricle. This line is drawn from the tuber- 
culum sellae to the internal occipital 
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Fic. 17. Recurrence of a posterior fossa tumor: 
(A) There is extreme flattening and elongation of 
extends into the suboccipital decompression. 
(B) In the anteroposterior projection, only the posterior portion (arrows) of the posterior inferior cere- 
bellar artery is elongated, straightened and deviated towards the left. 


protuberance. It is, however, not always 
easy to identify the internal occipital pro- 
tuberance. A more useful point? is the lower 
margin of the groove for the transverse 
sinus as projected in the area of the occip- 
ital protuberance. Since both transverse 
sinuses are projected close to each other, a 
point midway between the lower margin of 
each was taken to represent the "internal 
occipital protuberance" or the posterior 
termination of Twining's line. There ap- 
peared to be no useful relationship between 
the distance from the apex of the cranial 
loop to Twining's line as measured along a 
perpendicular line dropped from the apex 
to this line. However, if one draws a line 
parallel to Twing’s line through the lower 
margin of the internal auditory meatus, 
the apex of the cranial loop is rarely below 
this "auditory line" by more than a milli- 
meter. This relationship can be therefore 
used as an approximate indication in a 
superoinferior direction of the normal posi- 
tion of the apex of the cranial loop. In order 
to determine the anteroposterior position, 
the distance from the foot of the perpen- 
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{һе posterior inferior cerebellar artery (arrows) which 


dicular onto Twining’s line to the tubercu- 
lum sellae was measured and expressed as a 
percentage of the complete length of Twin- 
ing’s line, that is, the distance from the 
tuberculum sellae to the occipital point 
(Fig. 18, Z and B). This ratio varied from 
£3 to 59 per cent with an occasional case, 
apparently normal, being §2 or 60 per cent. 
In those individuals with a broad cranial 
loop which extended unusually high, the 
ratio was usually at the upper limit of this 
range while in those with a more acute 
angulation in the cranial loop or a lower 
position, the ratio was ordinarily in the 
lower range. It is simple to devise a propor- 
tional ruler which can be directly applied to 
the roentgenogram to determine whether 
the ratio deviates from an average figure of, 
for example, 56 per cent (Fig. 19). Despite 
the fact that the range of normal is con- 
siderable, this measurement has been a 
useful approach to the recognition of dis- 
placements in an anteroposterior direction 
of the apex of the cranial loop. It should not 
be applied, however, to obviously anoma- 
lous vessels which show no true cranial 


loop. Moreover, the recognition of “the 
apex of the cranial loop” is not always 
straighttorward. In general, the highest 
point of the loop was taken as the apical 
point when the roentgenogram was ori- 
ented so that Twining’s line was horizontal. 
In those cases with acute angulation of the 
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Fic. 18. Localization of the apex of the cranial loop: 
(4) Twining’s line isdrawn from the tuberculum 
sellae (A) to the internal occipital protuberance 
or, rather, the lower margin of the groove due to 
the transverse sinus (C). A perpendicular line is 
drawn from the apex of the cranial loop to Twin- 
ing’s bne (B). The ratio of the distance from the 
foot of the perpendicular to the tuberculum sellae 
to the total length of Twining's line, that is, the 
ratio of AB to AC is expressed as a percentage. 
In this patient, this ratio is 64 per cent, well above 
the upper limit of the normal range. A menin- 
gioma in the region of the tentorium and petrous 
pyramid was found at operation. 

(B) The ratioof the distance from the foot of the 
perpendicular to the tuberculum sellae (AB) to 
the entire length of Twining’s line (AC) in this 
patient is 62 per cent. This was due to an aneurysm 
at the bifurcation of the basilar artery, also dem- 
onstrated on this roentgenogram. Here, as in „7, 
there is no remarkable deformity in the con. 
figuration of the posterior inferior cerebellar 
artery. Tt is difficult therefore to recognize pos- 
terior displacement by simple visual observation. 
In those instances with an acute angulation of the 
cranial loop, such as those demonstrated in Fig, 
2, A, B and C, the apex chosen for measurement 
is the point of angulation. This usually corre- 
sponds to the highest point of the artery. Since 
the landmarks chosen are all essentially mid-line 
structures, slight degrees of obliquity do not dis- 
turb the ratio markedly. 





anterior limb on the connecting segment of 
the cranial loop, the apex chosen was the 
point of the angulation. In most instances, 
this also corresponded to the highest point 
of the cranial loop. 

The description and the examples of the 
normal and pathologic material included in 
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Vic. 19. А sf per cent proportional or double scale. Actual size. In use, this is drawn on transparent film and 
- I , 


superimposed on the lateral angiogram. The origin t 


э is placed on the tuberculum sellae and Twining’s 


line oriented to run through the point posteriorly selected to represent the internal occipital protuberance. 
One notes the division on the outer scale at the occipital point. The foot of the perpendicular from the 
cranial loop to Twining’s linc intersects the inner scale at some scale division. If this is the same division 
as on the outer scale, the ratio of the selected distances is £6 per cent. lf it is less or greater by one, twoor 
three divisions, the percentage is correspondingly smaller or larger. For greater deviations, actual meas- 
urements and an arithmetical calculation should be made. 


as 


е 
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this report are obviously based on selected 
cases. There is still a substantial number of 
instances in whica little useful information 
can. be obtained from visualization of the 
posterior inferior cerebellar artery because 
of its bizarre appearance. With additional 
experience, however, these cases should be- 
come less frequent as it becomes possible to 
systematize and -ecognize the more com- 
mon normal variations and pathologic 
changes. 


SUMMARY 


I. Despite numerous variations, it is 
possible to select a configuration of the 
posterior inferior cerebellar artery in both 
the lateral and anteroposterior projections 
which can be considered as typical or 
standard. 

2. The main segments of this vessel 
correspond to structures occupying the 


inferior portion of the posterior fossa. Con- 


clusions as to the size and configuration of 
these structures can therefore be based on 
the appearance of this vessel. 

3. Displacements and deformities of the 
posterior inferior cerebellar artery may be 
interpreted in terms of the typical con- 
figuration and are of considerable impor- 
tance in the recognition and localization of 
expanding lesions. 

4. А semi-quantitative evaluation of 
anteroposterior displacement of the apical 
portion of the cranial loop in the lateral 
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projection is presented which may be of 
assistance in questionable cases. 


Bernard S. Wolf , M.D. 
Department of Radiology 
The Mount Sinai Hospital 
I East тоо Street . 

New York 29, New York 
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THE SIGNIFICANCE OF PROTEIN BINDING OF 
CONTRAST MEDIA IN ROENTGEN DIAGNOSIS* 
By ELLIOTT С. LASSER, M.D., RICHARD S. FARR, M.D, TAK FUJIMAGARI, M.D., 
and WALTER №. TRIPP, M.D. 


PITTSBURGH, PENNSYLVANIA 


HE radiologic literature contains nu- 

merous experimental and clinical ob- 
servations that relate to the toxicitv and 
the excretory pathways of contrast media, 
but there have been relatively few reports 
of attempts to ascertain the underlying 
physical-chemical phenomena that govern 
these excretory pathways and_ toxicity. 
From these few studies, 931235325: how. 
ever, it is immediately apparent that an 
enhancement of our cumulative knowledge 
in this sphere should serve as a guide for 
development of less toxic and more organ- 
specific media. Accordingly, a study of the 
binding between some of the contrast 
media used in clinical radiology and the 
whole serum of a number of animal species 
has been undertaken utilizing the method 
of equilibrium dialysis. Details of these 
binding studies will be the subject of a 
separate communication. The basic sig- 
nificant information can be summarized as 
follows: 

1. Cholografin* and urokon* bound to 
serum albumin but not to a significant de- 
gree to alpha, beta, or gamma globulin. 

2. Serum and plasma binding values for 
urokon,* cholografin,* and hypaque* were 
identical. 

3. The binding characteristics of non- 
radioactive materials were determined by a 
method of competitive inhibition in which 
both the material in question and one of the 
labeled contrast media were placed in the 
same bath and dialyzed against the same 
protein aliquot. Under these conditions, a 
reduction in the established ratio of bound,’ 

* The asterisk will be used to symbolize media tagged with 


PS. The full chemical formulae for these media are well known 
and readily available and will not be detailed in this report. 


free labeled contrast media represented 
occupation of available binding sites by 
the nonlabeled material. By this method, 
it was shown that cholografin, urokon, 
hypaque, and miokon all appeared to com- 
pete for the same site on albumin. The 
strength of the bond was greatest between 
albumin and cholografin and weakest be- 
tween albumin and miokon (Fig. 1). Dio- 
drast appears to be bound to some other 
receptor site on albumin. 

4. The binding capacity between the 
urokon* and the sera from 13 species was 
also studied and a great variation was 
observed (Table 1); sheep, horse, and calf 
serum bound urokon* the best; human, rat, 
and pig bound urokon* intermediately well; 


Tape I 

THE BINDING OF [* UROKON BY 1:5 DILUTION OF 
SERUM FROM DIFFERENT SPECIES 

yl* Urokon Bound/ml. 





0.057 'yl* Urokon Free 


Sheep 1 


о. 
Ногѕе 4:95 
Calf 3.90 
Human 97 


Sprague-Dawley Rat 
Holtzman Rat 


- oM oe 
> 
o 


Pig 3 

Giratfe 0.63 
C 57 Mouse 0.62 
Cat 0.32 
CFW Mouse 0.29 
Guinea Pig 0.25 
Rabbit 0.21 
Dog O.14 
Chick 0.04 


* Supported by the United States Public Health Service Grant Е-1$13. 
Presented at the Sixty-second Annual Meeting of the American Roentgen Ray Society, Miami Beach, Florida, September 26~29, 1961 
From the Departments of Radiology and Medicine, University of Pittsburgh School cf Medicine and the Presbyterian-University 


Hospital, Pittsburgh, Pennsylvania. 
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Fic. 1. The relative competitive inhibition of the albumin binding of a 10-7 molar solution of urokon* by 
à series of substituted benzoic acid derivatives. The greatest degree of inhibition is exerted by cholografin. 


whereas giratfe, mouse, cat, guinea pig, rab- 
bit, dog, and chick bound urokon* the least. 
Hypaque* did not bind to a significant ex- 
tent with the serum of any of these species. 

The striking variations in the binding of 
separate contrast media by the serum of a 
given species and the range in binding 
capacity observed for the same contrast 
medium by different species led to the 
present investigations which were under- 
taken in an effort to determine what role, 
if any, should be assigned to the protein 
binding capacity of contrast materials in 
determining excretory pathways and tox- 
icity, 


SOME PHYSICO-CHEMICAL CONSIDERATIONS 


Urokon, hypaque, and cholografin have 
distinct but related structural frameworks 


at the molecular level (Fig. 2 and 3). A 
consideration of these structural differences 
and the binding affinities of the three sub- 
stances suggest that the presence or ab- 
sence of an acetylamino group or other 
prosthetic structure in the § position of 
the benzene ring is an important determi- 
nant. When this group is present as it is 
in hvpaque and miokon, the binding poten- 
tial for albumin is poor. When this position 
on the benzene ring is empty as in urokon 
and cholografin (essentially a dimolecular 
form of urokon), the substance binds to 
albumin in a relatively strong fashion. The 
evidence suggests, then, that the presence of 
an unguarded hydrogen atom in numerical 
sequence to an iodine atom on the benzene 
ring increases the binding capacity ofany 
of these contrast materials. 
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Fic. 2. The chemical structures of urokon and hypaque. 


A similar relation of binding to structure 
was pointed out by Gregersen and Rawson? 
who found that Evans blue, a tolidine dve 
that bound tightly to albumin differed from 
trypan blue, a relatively poor albumin 
binder, only in the position of its sulfonic 
acid radicles on the naphthalene ring. A 
shift in the sulfonic acid radicles from the 
2, 4 (Evans blue) to the 3, 6 (trvpan blue) 
positions profoundly increased the disap- 
pearance rate of the injected material from 
the blood stream, presumably a reflection 
of a greater protein independence. 

'The dynamics of albumin binding have 
been reported for a large number of sub- 
stances. Undoubtedly, albumin serves as a 
physiologic transport mechanism for many 
of these. In an excellent review of the 
transport of fatty acids, Fredrickson and 
Gordon!’ point out that unesterified fatty 
acids bind quantitatively to albumin and 
that each albumin molecule bears a discrete 
number of binding sites to which fatty 
acids are bound The interaction of any one 
site with a fatty acid 1s a simple associa- 
tion-dissociation equilibrium that obevs the 
law of mass action and can be described 
quantitatively by an association constant. 
These authors feel that “it would be ex- 
traordinarily difficult to conceive of any 
molecular basis for such strong interactions 
as those observed in the unesterified fatty 
acid-albumin system without invoking an 
electrostatic factor derived from mutual 
attraction of the carboxylate anion and 
some positively charged group on the sur- 


face of the albumin molecule." Concerning 
the same interaction, Goodman” described 
a number of available binding sites on each 
albumin molecule for fatty acids. He de- 
scribed two sites with very high affinity, 
five with a lesser affinity, and a large num- 
ber (approximately 20) with a much poorer 
affinity for fatty acids. Odell,? who quan- 
titated the binding capacity of albumin for 
bilirubin, noted that the specific molecular 
sites for the binding of these two substances 
was not known but probably involved the 
cationic amino groups of albumin and the 
carboxyl groups of the proprionic acid side 
chain of bilirubin. He pointed out that at 
pH 7.9, one mol of albumin bound 3.3 mols 
of bilirubin, while at pH 7.4, one mol of 
albumin bound only 1.9 mols of bilirubin. 

Many other organic anions associate 
with albumin, and a partial list of these 
includes caffeine sodium benzoate, salicyl- 
ate, some of the sulfa drugs, bromsulpha- 
lein, and other organic dyes,’ the barbitu- 
rates," etc. 

Block eż al working with diodrast 
touched on the influence of anion concen- 
tration in the binding phenomenon when 
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Fic. 3. The chemical structure of cholografin 
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they indicated that 7 ойто, some serum 
protein binding of diodrast* occurred at all 
concentrations below 1 mg. per cent but in 
concentrations below 1 to 2 ug. per cent, 
diodrast* was bound to the extent of being 
practically nondialyzable. 

These, then, represent some of the con- 
siderations involved in the dvnamics of 
albumin binding. It is obvious that any 
experiments designed to quantitate binding 
to albumin must not fail to take into con- 
sideration some of the pitfalls that may 
present themselves. Thus, utilization of a 
"clean" albumin with all potential binding 
sites available, careful control of pH and 
anion concentrations are prerequisites. It 
is also obvious that further advances in our 
knowledge of binding phenomena will de- 
pend largely on further elucidation of exact 
albumin structural characteristics. 


FACTORS THAT MAY BEAR ON LOCAL 
AND SYSTEMIC TOXICITY 
A. THE CORRELATION BETWEEN 
AND TOXICITY 


PROTEIN BINDING 

Previous appraisals of the toxicity of 
contrast media have, with few exceptions, 
been primarily concerned with LD;, dos- 
ages systemically or with alterations in a 
specific organ's function or histology. As 
far as can be determined. only Knoefel and 
Huang? have entertained the notion that 
protein binding may be significant in tox- 
icity considerations. In view of the fact 
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that our preliminary observations on pro- 
tein binding suggested some correlation 
between toxicity and binding values, we 
decided to determine the relative binding 
affinities of a number of contrast media in 
the mouse, rat, dog, rabbit, and human. 
The results of this study are noted in Table 
п. 

It is apparent that there is an order of 
species precedence in binding that is unique 
for each of the contrast materials. Thus, 
with cholografin, the human has a more 
avid albumin bond than does the dog, rat, 
rabbit, or mouse, in that order. For dio- 
drast, on the other hand, the most avid 
albumin bond is found in the rabbit. This 
equals approximately that found in the 
rat, and these are greater than that found 
in the human, dog, and mouse, respectively. 

When the binding data for 3 species, ex- 
pressed in terms of mols bound /mols free are 
plotted on semi-logarithmic paper against 
averaged published LD;, intravenous dos- 
ages expressed as millimols/kg. in the same 
species, a definite correlation can be noted. 
Except for urokon in the two rodent species, 
there appears to be a consistent correspond- 
ence between binding and toxicitv. The 
better-bound materials are also the most 
toxic. The single exception, urokon in the 
rat and mouse, shows a lesser degree of 
toxicity for its binding than would be 
predicted from the remainder of the plotted 
values (Fig. 4). 
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COMPARISON OF SERUM BINDING 
AND TOXICITY OF CONTRAST MEDIA 
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Fig. 4. The correlation between binding and pub- 
lished LDss toxicity figures. 


B. THE CORRELATION BETWEEN TOXICITY AND AL- 
'TBRATIONS IN BLOOD AND BLOOD VESSELS 

The recent reports by Sobin and his co- 
workers, Bernstein and Evans, and 
Read“? suggest that blood. sludging may 
result from injections of some of the con- 
trast media. The physiologic significance of 
red blood cell sludging has been adequately 
covered by Brooks and his co-workers? in 
this country and by numerous Swedish 
investigators.10.15.14,22,59 

In a previous report from this labora- 
tory," attention was drawn to a spectrum 
of toxicity that could be assigned to certain 
of the contrast materials available for com- 
mon use in prepared concentrations. The 
same general observations that we made 
utilizing the dog's kidney as a test object 
have been made by numerous other inves- 
tigators,7:293545 touching on almost all 
organs and systems. Our data indicated 
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that contraction of the kidney, a phenóm- 
enon that must come about through con- 
traction of the vascular elements, resulted 
as a transient immediate aftermath of 7o 
per cent diodrast injections and as a sus- 
tained aftermath of 7o per-cent urokon 
injections into the renal arteries of dogs. 
Necrotic changes noted in the kidney par- 
enchyma under these circumstances ap- 
peared to follow the vascular distribution. 
There is also available now a large body 
of evidence that suggests that changes in 
vascular permeability underlie alterations 
in local physiology or histology noted after 
intravascular injection of the contrast 
media,7:17-29,32,40.48 Furthermore, there are 
now at least two reports of endothelial 
injury in the experimental animal demon- 
strated by special techniques after intimal 
applications of various contrast media.*® 
In view of the data cited above, several 
simple experiments were designed to test 
the possible effects of contrast media on 
blood. Varying dilutions of commerically 
available contrast media and their ana- 
logues were incubated at room temperature 
with: (a) human whole blood, and (b) 
washed human red blood cells. Moist prep- 
arations of these contrast-blood or ana- 
logue-blood solutions were examined under 
the oil immersion lens of a microscope. The 
results of these incubations with a 1:100 
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lic. 5. Whole blood incubated with normal saline. 


dilution of a number of contrast media are 
summarized in Table ти and illustrated in 
Figures ¢ to 9. Cholografin, urokon, and 
diodrast produced a change in the ervthro- 
cytes not duplicated by the other tested 
media. This change was not related to 
osmolarity and did not correlate with 
known viscosity or pH differences. It was 
associated with agglutination as distinct 
from rouleau formation. It should be noted 
that the contrast media that produced the 
major changes in red blood cell morphology 
were also the contrast media that showed 
relatively good binding as previously de- 
tailed. Diodrast is actually not in the same 
binding class as urokon on a molar basis, 
but it is a better binder than hypaque, and 


Protein Binding of Contrast Media 343 





Fic. 7. Whole blood incubated with 52 per cent 
cholografin (1:100 dilution). 


had greater relative molarity in the test 
solutions. Incubation of contrast media 
with washed red blood cells proved some- 
what unsatisfactory because of technical 
artifacts. It was evident, however, that 
rouleau formation was not produced with 
the washed cells. Maximal crenation did 
occur in the same mixtures as noted in the 
whole blood preparations, but occurred 
also to some degree with almost all the 
mixtures. Furchgott and Ponder!" have 
described what they term a "disc-sphere 
transformation" in mammalian red blood 
cells. Beginning with an interesting series of 
observations on the effects of cover glass 
and slides on the morphology of the red 





Fic. 6. Whole blood incubated with 7o per cent 
urokon (1:100 dilution). 


Fic. 8. Whole blood incubated with 76 per cent 
renografin (1:100 dilution). 





Fic. 9. Three times washed red blood cells incubated 
with 76 per cent renografin (1:100 dilution). 


blood cell, they deduced and then confirmed 
the fact that major changes in pH or more 
modest changes associated with adsorption 
onto glass of an “anti-sphering” substance 
from the red blood cell surfaces caused the 
cells to undergo a sequential series of 
changes beginning with the usual disc and 
changing in order to a crenated 4152, a 
coarsely crenated sphere, a finely crenated 
sphere, and finally, a perfect sphere. Be- 
yond this stage, hemolysis took place. They 
deduced from their investigations that the 
anti-sphering substance which protected 
against this transformation was crystal- 
bumin and represented an important zom- 
ponent of the erythrocyte surface ultra- 
structure. 

We attempted to determine, if possible, 
the role that albumin might play bv virtue 
of its position in or around red blood cells 
by utilizing I?'-tagged human serum al- 
bumin mixed with appropriate concentra- 
tions of 25 per cent human serum albumin 
in serial dilutions and incubated at room 
temperature for four hours with washed 
human red blood cells filtered through glass 
beads. Following this incubation, the ery th- 
rocytes were centrifuged and hematocrits 
obtained. By appropriate calculations of 
the count before and after the centrifuge, 
we were able to determine that a small 
amount of tagged albumin (approximately 
5 to 7 per cent) appeared to come down 
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with the red blood cells. It was impossible 
to determine with certainty whether this 
might be situated in a colloidal aggregation 
about the red blood cells or within the ultra- 
structure of these cells. When a similar 
studv was repeated with varying dilutions 
of urokon* incubated together with washed 
human erythrocytes, a small amount of 
urokon also appeared to come down with 
the cells (approximately 4 per cent). 

It is evident trom the data cited above 
that in these 7# vitro experiments, small 
amounts of urokon, possibly bound to 
albumin in or around the red blood cells, 
produced a change in the appearance of 
these cells. The same change was found 
with cholografin and, to a somewhat lesser 
degree, with diodrast. Freezing point de- 
pression. values were obtained on all the 
diluted materials incubated together with 
blood for the morphologic observations. 
These indicated that osmolarity differences 
did not account for the changes in the 
erythrocyte shape and crenation. The bro- 
mine-substituted and the noniodinated 
analogues of urokon produced 3+ crena- 
tion but no agglutination. Bromine-substi- 
tuted hypaque and noniodinated hypaque 
reacted like hypaque itself. We were also 
able to show in these morphologic observa- 
tions that rheomacrodex (low molecular 
weight dextran) did exert some stabilizing 
effect on blood incubated with urokon, and 
that the substance with the highest per- 
centage of methylglucamine in the mixture 
(76 per cent геповгаћп) produced a maxi- 
mal rouleau formation. This was not visibly 
affected by additions of rheomacrodex. 
Rheomacrodex appeared to exert a greater 
protective effect on the whole blood-urokon 
mixtures than on the washed cell-urokon 
mixtures, suggesting the possibility that its 
stabilizing action was mediated through a 
serum component. 


С. ALBUMIN: ITS HYPOTHETICAL ROLE IN TOXICITY 


The relation of the blood elements and 
blood vessels to contrast toxicity is sug- 
gested bv the data cited from this labora- 
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tory and from a pertinent review of the 
literature. 

From the standpoint of systemic toxicity, 
death in the experimental animal has been 
ably summarized by Hoppe? who concludes 
that the symptoms observed at death in 
the experimental animal injected with 
large amounts of contrast media can be 
divided into two major categories, con- 
vulsions and capillary. breakdown in the 
lungs. In the clinical field, the historical 
and statistical review of deaths occurring in 
excretory urography by Pendergrass and 
his associates* points up the frequency with 
which myocardial infarction has turned up 
as the cause of death in a series of 156 
intravenous urography fatalities collected 
from all over the country. From the direct 
standpoint, anyone who has had personal 
experience with peripheral arteriography 
can attest to the immediate pain often 
evoked in patients on injection of the 
contrast bolus into the vessel. As in most 
of the studies cited above, this was far 
more impressive with the media utilized 
prior to the advent of the (relatively) poor 
protein binders. 

Having maintained that there is a posi- 
tive correlation between protein binding 
and toxicity and that toxicity usually in- 
volves physiologic or anatomic alterations 
in the vascular elements or vascular walls, 
one has yet to explain the bond that might 
connect protein binding with the blood 
elements and the blood vessels (Fig. 10). 

The linkage that closes the triangle here 
may take the form of albumin and depends 
on two assumptions: (1) albumin is present 
in association with red blood cells and 
vascular endothelium and is necessary, in 
part, to maintain structural or functional 
characteristics; (2) a contrast substance 
bound to albumin in sufficient quantity 
may in some fashion alter its capacity to 
maintain the physiologic and/or structural 
integrity of the tissue with which it is 
normally associated. 

The protein anti-sphering substance in 
red blood cells mentioned by Furchgott 
and Ponder!??^ has already been touched 
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Frc. то, The interelationships of protein binding, 
toxicity, and the vascular elements. 


upon. It is impossible to вау with assurance 
from their work or from our own whether 
albumin is actually within the cell or is in 
the colloidal aggregation about the cell. 
Thorsén and Hint?? point out that blood 
cells, rouleau formations, and cell masses 
are covered by a thin surface coat derived 
from the plasma. Under favorable circum- 
stances when rouleaux are drawn out or 
deformed or masses are separated one from 
another, this coat is stretched out to form 
clearly visible threads. This formation of 
film in colloid solutions at phase boundaries 
comparable with the borderline between 
blood cell surface and plasma is a well- 
known phenomenon. It is this surface film, 
according to Thorsén and Hint, that leads 
to rouleaux, since surface tension consider- 
ations cause the film-covered red blood cells 
to lay their flat surfaces one against the 
other in order to present the smallest total 
surface to the surrounding fluid. The film 
or gel phase surrounding each cell contains 
colloids which are in equilibrium with col- 
loids of the plasma. The addition of low 
molecular colloid to the plasma (for ex- 
ample, low molecular weight dextran) re- 
duces the average molecular weight of the 
entire system and, if reduced below a 
critical level, causes a dissolution of the 
surface film and therefore a break-up of any 
aggregation that had formed. It does not 
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appear clear at the present time, however, 
exactly how dextran exerts its protective 
influence in the animals i injected by Bern- 
stein and Evans? with go per cent hy- 
paque. This may be better understood when 
these experiments are repeated with some 
of the other contrast media and when the 
role in sludging that should be assigned to 
crenation-agglutination as opposed to rou- 
leaux-agglutination is better elucidated. 

In addition to whatever role albumin 
may plav in blood sludging, it is worth- 
while noting that blood vessels stained with 
a fluorescein-tagged anti-albumin show 
good staining for albumin in the endothe- 
lial laver with traces of albumin presenting 
beyond the basement membrane as well 
(Fig. 11). The presence of albumin in 
blood vessels in many areas of the body 
has been adequately documented by Git- 
lin and his co-workers.” The availability 
of an endothelial binding site for opaque 
material is thus apparent. 

Regarding the second assumption, there 
is no direct evidence that binding a con- 
trast substance to albumin in sufficient 





Fic. 11. Section of an infant acrta stained with an 
anti-albumin antibody labeled with fluorescein. 
The fluorescein tag cannot be adequately identi- 


fied in this black and white print. It lies princi- 
pally in the area of the white autofluorescent 
basement membrane. 


‚ Farr, T. 
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quantity may somehow alter its physiologic 
capacity to maintain functional 1 integrity. 
Fredrickson and Gordon,’ however, have 
indicated that palmitate, an albumin binder 
in human blood, would be bound to blood 
cells to the extent of about 1 per cent. 
Furchgott and Ponder!®:?"" had shown that 
traces of oleic or palmitic acids caused the 
cells to undergo a crenation sequence and to 
act as if deprived of their anti- sphering 
substance. We have further indirect evi- 
dence of the effects of contrast materials 
on structural integrity in that these media, 
when passed through the lumen of a blood 
vessel, have been noted to exert their major 
morphologic changes a their sites of maxi- 
mal concentration.’ It should be stated 
parenthetically that dee in permeabil- 
itv need not be accompanied by obvious 
changes in morphology assessable by our 
present techniques. The binding of some 
substance to V RS might, for example, 
result in a change in the over-all charge or 
in molecular shape without any visible 
morphologic alteration. 


FACTORS THAT MAY BEAR ON 
EXCRETORY PATHWAYS 
A, ATTEMPTS TO ALTER SERUM BINDING 
BY COMPETITIVE INHIBITION 

Bang and Georg? noted that the intro- 
duction of a chlorine, bromine, or iodine 
atom into the phenolphthalein radicle 
seemed to lead to combination with the 
plasma proteins and almost selective excre- 
tion in the bile. Bennhold and his co- 
workers! in 1950 correlated the protein 
binding capacitv of a number of organic 
dves and several contrast media with what 
they considered to be their “hepatotrophic 
and nephrotrophic" properties. They em- 
phasize that a number of their “nephrotro- 
phic substances" are in fact bound to al- 
bumin but on the basis of a very labile 
equilibrium dissociation. constant rather 
than on the basis of a firmer binding. In the 
course of the present study, it soon became 
obvious that the more highly bound mate- 
rials were those that were commonly used 
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Fic. 17. Average binding and biliary excretion values for 3 rabbits primed with Auman serum albumin 
(LV. 30 cc./kg. of 6.2 per cent HSA) and then injected with a mixture of urokon*-- urokon (200 mg./kg.). 


binding values, but without a concurrent 
increase in biliary excretion. Failure to 
increase biliary excretion in this circum- 
stance was at first disturbing, but might 
be explained by the realization. that 
induced metabolic alkalosis and acidosis 
are reflected immediately in the plasma, 
in one to two hours in the extravascular 
extracellular fluids, and only in four to five 
hours or more in the extravascular intra- 
cellular fluids.? This latter area, as a matter 
of fact, may show an opposite change in pH 
consequent to ventilatory factors, and the 
rapid diffusion of CO, gas in all bodv com- 
partments. A diminution in serum binding 
capacity by induced metabolic alkalosis 
will interrupt the contrast transport se- 
quence at the plasma level and diminish 
the amount available to the liver cell re- 
gardless of the intracellular pH. On the 
other hand, increasing the serum binding 
capacity by induced metabolic acidosis may 
increase the absolute amount of bond 


material offered to the liver cell, but pro- 
vides no mechanism for increased uptake 
by the cell. As will be noted subsequently, 
an unfavorable increase in the pH gradient 
between the extravascular and intracellular 
areas may actually be promoted in this 
fashion, leading to an interruption of the 
excretory transport mechanism at the 
entering cellular level. 

Finallv, it must be recognized that the 
alkalosis and acidosis induced in these 
experiments may lead to sufficient general 
deterioration of the animal to alter excre- 
tory pathways in an unpredictable fashion. 


DISCUSSION OF FACTORS THAT MAY BEAR 
ON EXCRETORY PATHWAYS 

In the practice of clinical radiography, 
the occurrence of a “heterotrophic” excre- 
tion of a contrast material is found often 
enough to merit notice. This almost always 
takes the form of an inversion of the ex- 
pected renal-liver partition for any given 
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Fie, 18, The biliary excretory values and the serum binding values for 2 rabbits with induced metabolic 
alkalosis and injected with a mixture of cholografin*--cholografin (100 mg./kg.). 


material. From our own experience this has 
happened most often with cholografin and 
with urokon, in the absence of obvious liver 
or renal disease. This phenomenon of oc- 
casional “heterotrophic” excretion has been 
noted by others as well; Orloff comment- 
ig on the employment of urokon for 
cholecystography and Arendt and Zgoda? 
commenting on the occasional gallbladder 
shadow noted after administration of 
hypaque. It seems likely that most, if not 
all, available contrast media are capable of 
being excreted in both the bile and urine, 
although in some species, the absolute 
amount excreted in one area or the other 
may be quite insignificant and difficult to 
detect. 

From a practical standpoint, it is im- 
portant that an attempt be made to deter- 
mine why a particular contrast material is 
preferentially excreted in either the liver 
or bile in order to formulate a more rational 
approach to the construction and consider- 
ation of new media. Epstein e£ al.!? consider- 


ing the question of the relation of chemical 
structure to function for cholecystographic 
material suggested that some of the require- 
ments for a good oral cholecystographic 
agent include: (1) a molecular structure 
which enables the substance to be borne to 
the liver (should include a phenolic group, 
known to be detoxified in the liver as the 
glucuronide or sulfate ester); (2) a carboxyl 
group in the molecule so that the sodium 
salt may be formed to facilitate the solution 
of the compounds in bile; and (3) fat 
solubility, so that the substance will pass 
through the liver and gallbladder rather 
than through the kidney. 

Archer,’ studying a group of compounds 
analogous to those of Epstein eż 4/.? found, 
as did Epstein, that the length of the side- 
chain on the iodinated aromatic ring is of 
extreme importance in directing a com- 
pound into the bile. In the case of the 
triiodinated compounds, Archer found that 
optimal lipophilic activity was associated 
with side-chains of intermediate size Gn 
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addition to a “bridging group” and a car- 
boxy! group). When the side group is too 
large, poor visualization results, and when 
too short, the compound is excreted in 
the urine. 

Wallingford, on the other hand, has 
pointed out that for urokon maximum 
aqueous solubility (and LD;) were ob- 
tained when there were two carbons in the 
acyl group (acetyl), promoting presenta- 
tion in the urine. 

Previous mention has been made in this 
paper of the relation of chemical structure 
of contrast media to protein binding activ- 
ity. Bang and Georg? are careful to point 
out in their remarks on the association of 
protein binding of the halogenated phenol- 
phthaleins to selective biliary excretion 
that this selective excretion cannot be dis- 
missed by merely saying that these sub- 
stances fail to diffuse out the glomeruli by 
virtue of their protein association, since 
the excretion of phenolphthaleins is pre- 
dominantly by the tubules. Smith? has 
noted that even substantial protein binding 
is quite compatible with tubular excretion 
as have Knoefel and Huang.” In clinical 
practice with the contrast materials, how- 
ever, the high plasma concentrations at- 
tained implicate glomerular filtration as the 
predominant or significant renal excretory 
mechanism.® 58:5! 

It is important to this discussion to stress 
that any consideration of protein binding 
of the contrast media implies a comparison 
of relative binding values, and in all prob- 
ability, every contrast material composed 
in part of an iodinated organic ring will 
show some degree of binding. 

Perhaps the most complete consideration 
of the relation of protein binding to excre- 
zion of the urine-oriented opaque media to 
date is that of Knoefel and Huang.” By 
virtue of their work on renal cortical slices, 
they suggest that the uptake of opaque 
media by the renal tubular cells may be a 
phenomenon of protein binding rather than 
active cellular transport. 

This same line of thought is reflected by 
others interested in the biodynamics of 
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protein binding. Odell,” for example. speak- 
ing of bilirubin suggests that its distribu- 
tion in the body may be considered from a 
viewpoint that many tissues bind bilirubin. 
Each tissue, then, would have its own bind- 
ing affinity for bilirubin expressed in terms 
of a dissociation constant. Fredrickson and 
Gordon,’ speaking of the unesterified fatty 
acids (good albumin binders), cite unpub- 
lished work from their laboratory indicat- 
ing that the rate of speed of binding to 
human serum albumin is at least of the 
correct order of magnitude to allow for the 
fatty acid associations and dissociations 
that might be involved in the 77 vivo turn- 
over of these substance. In regard to the 
removal of unsaturated fatty acids from 
the plasma into extravascular tissue spaces, 
they note that the removal is considerably 
faster than is the removal of the albumin 
molecule itself. They speculate on the 
presence of receptors on all cells which have 
the capacity to remove fatty acids by bind- 
ing them with an affinity that is at least 
similar to that of albumin. In this system, 
the first step would be removal of the fatty 
acids from circulating albumin to vascular 
endothelium. In the second step, thev 
envision the transfer from endothelium to 
the parenchymal cells, the transfer being 
perhaps mediated by extravascular al- 
bumin. 

It might be stated parenthetically that 
there is a dynamic exchange between the 
protein of the extracellular extravascular 
compartment and the serum protein of the 
vascular space and that the level of the 
protein in the vascular space is a reflection 
of the extravascular component.?*9 

A similar thesis of transport of the con- 
trast materials from blood to the paren- 
chymal cells of the liver and perhaps the 
renal tubules had occurred to the present 
authors. While no direct proof is forthcom- 
ing at this time, the present study lends 
support to this thesis of transport by a 
system of competitive binders. If, as seems 
probable, albumin itself represents the 
binding substrate in each locus, one might 
postulate further a local variation in pH 
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underlying a variable association and dis- 
sociation, specific for each area, and in 
total, unidirectional. Further support for 
this concept may be found in the review by 
Schanker,? of the mechanisms of drug 
adsorption and distribution. In his review 
he cites work by Waddell and Butler indi- 
cating that the partition of phenobarbital 
between plasma and tissues could be altered 
reversibly by varving the plasma pH. When 
the plasma pH was lowered, the plasma 
drug level decreased and the tissue levels 
(brain, fat, liver, and muscle) increased; 
conversely, raising the plasma pH resulted 
in an increase in the plasma level and a 
decrease in the tissue levels. Hanzon's?? 
description of the secretion of uranin and its 
uptake by the liver further supports the 
feasibility of a mechanism such as we have 
postulated for transport by a system of 
competitive binders. The cumulative evi- 
dence from this studv in support of such a 
thesis can be summarized as follows: 

1. The contrast materials included in 
this study, and inferentially all of the cur- 
rent available opaque media, when bound 
by serum, bind almost entirely to albumin 
at physiologic pH levels. The degree of 
binding, however, varies in the fashion 
previously noted. 

2. Opaque media of the triiodo class 
with an empty hydrogen atom situated 
between the 4 and 6 iodine atoms on the 
benzene ring tend in general to be relatively 
better binders, and occupancy of all posi- 
tions on the ring infers a relatively looser 
bond. 

3. All of the available cholecystographic 
media on the market today have the chemi- 
cal configuration that infers relatively good 
albumin binding. This includes cholografin, 
of which the excretory dynamics in the 
rabbit have been detailed here. All of the 
urographic media of the triiodo class fall 
into the category of relatively poor binders. 
The exception is urokon, whose binding 
characteristics for man fall between those 
of the urographic and those of the cholecys- 
tographic categories. Clinical experience 
substantiates the not too infrequent ap- 
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pearance of this maverick urographic mate- 
rial in the gallbladder area. 

4. Species variations may be marked. 
Epstein ef al? noted a consistent failure to 
visualize the gallbladder with any material 
tested in the chick, rabbit, and frog. 
Others* have commented that rabbits are 
not the animals of choice in the evaluation 
of biliarv contrast media. Our data indi- 
cate that for urokon* the binding is about 
8.4 times as great for man as for the rabbit 
and almost £o times as great in man as 
compared to the chick. The binding of 
cholografin* is at least twice as great in the 
human as in the rabbit. Since there appears 
to be a definite relation between binding 
abilitv and biliary excretion, these data 
mav explain the failure of the rabbit and 
chick as test animals for these agents. 

5. Elevation of serum binding values in 
an artificial fashion, as was done in the 
HSA primed group of rabbits and bv the 
induction of metabolic acidosis, failed to 
promote biliary excretion. Thissuggests that 
transport to the liver cell does not alone 
explain the role of binding in biliary excre- 
tion. It тау necessitate a concomitant 
increase in the binding of extravascular, 
extracellular albumin components and in- 
tracellular components in the parenchymal 
areas. In both of these experiments, condi- 
tions were such as to favor a reverse gradi- 
ent or a reduction in the normal gradient at 
the cellular entrance level of transport. 

6. Elevation of the rabbits’ physiologic 
pH values diminished the average serum 
albumin binding, and correspondingly, the 
per cent of injected bile-directed material 
actually excreted into the bile. Interruption 
of the transport mechanism here occurred 
presumably at the plasma level. 


A CONSIDERATION OF SOME MISCEL- 
LANEOUS PHENOMENA 


Several other considerations thought to 
be of importance in the biodynamics of 
protein binding of contrast media have 
arisen in the course of this investigation 
and will be touched upon briefly. 
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А. KERNICTERUS 

'The term "kernicterus" has been applied 
to the central nervous system dysfunction 
that may sometimes be found in patients, 
particularly infants, with intense jaun- 
dice.) In practice, it is to be found 
principally among infants on the basis of 
prematurity, sepsis, physiologic jaundice, 
or blood group incompatibilities. In those 
who fail to survive these episodes, examina- 
tion of the brain may reveal a canary 
vellow staining of nuclear masses, the 
presence of intracellular pigment on frozen 
sections, and evidence of degeneration of 
nerve cells. It has been well established 
now that the pigment that stains the brain 
in kernicterus is indirect bilirubin, and 
most of the evidence suggests that it is the 
bilirubin itself which produces the cyto- 
toxicity.® 

The work of Odell and others indicated 
that a number of organic anions, including 
salicylate and some of the sulfa drugs, 
could uncouple bilirubin from albumin by 
successfully competing for binding sites on 
this protein. Previous reports of kernicterus 
in infants treated with sulfisoxazole dieth- 
anolamine® and subsequent production of 
this entity by a similar mechanism in a 
strain of congenitally jaundiced rats? 
confirmed these binding dynamics. 

Since both urokon and cholografin ap- 
peared to establish a tighter bond with 
albumin than did salicylate (Fig. 1), it 
occurred to us that these media might also 
have the potential to displace bilirubin from 
albumin, as salicylate did. Inasmuch as 
this would have considerable clinical sig- 
nificance in jaundiced infants, we have 
initiated a study of the bilirubin-contrast 
media binding dynamics in vitro and in 
vivo. The results of our т vitro study indi- 
cate that bilirubin can be displaced from 
serum protein by urokon and cholografin. 
Indeed, there is some evidence that this 
may occur iz vivo. A lowering of the aver- 
age indirect serum bilirubin level in 10 
patients free of biliary or liver disease was 
demonstrated fifteen minutes after intra- 
venous injection of 20 cc. of 7o per cent 


Protein Binding of Contrast Media 36 


ыу 


urokon, although the average fall was only 
0.04 mg./100 cc. of serum and is therefore 
of dubious significance. In a single jaun- 
diced patient with biliary duct obstruction, 
an injection of 20 cc. of $2 per cent cholo- 
grafin was followed by a fall from pre- 
injection levels of indirect bilirubin 
amounting to 2.2 mg. per cent, 1.2 mg. per 
cent, and 0.6 mg. per cent in periods of 
thirty, sixty, and ninety minutes post 
injection. In view of the relative binding 
dynamics of bilirubin versus urokon or 
cholografin in man, one would expect that 
injection of these materials in sufficient 
concentration would uncouple bilirubin and 
produce a transient fall in indirect bilirubin 
levels as occurred in Johnson's rats? (the 
disappearance of indirect bilirubin in these 
circumstances is related to its passage into 
available excretory pathways or into extra- 
vascular compartments, including the brain 
in infants or young rats). We have pres- 
ently initiated a study designed to test the 
assumption that bilirubin might be dis- 
placed in a strain of congenitally jaundiced 
(Gunn) rats and might therefore lead to the 
production of kernicterus. Preliminary 
study of another rat strain, however, sug- 
gests that the relative binding dynamics 
may not favor displacement of bilirubin in 
the rat. Granted that further work needs 
to be done on the displacement of bilirubin 
by contrast materials, sufficient evidence is 
at hand to contravene the use of a relatively 
good binding contrast medium in a jaun- 
diced infant. In a retrospective inquiry into 
the 2 deaths that have been definitely 
associated with the use of contrast media in 
the Children’s Hospital of Pittsburgh (in 
the noncardiac group) during the past ten 
vears, we have found that one was associ- 
ated with an injection of 70 per cent urokon 
into a premature infant who had undergone 
an exchange transfusion a month earlier 
for physiologic jaundice. It is impossible, 
however, to state with certainty in this 
child whether possible bilirubin displace- 
ment played any part in this fatality or 
whether this might be a contrast material 
death of some other type. 
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B, PROTELN BINDING AND THE BLOOD-BRAIN BARRIER 


The whole question of the blood-brain 
barrier, or as Dobbing! prefers to label it, 
the “blood-brain-barrier system," might 
be once again re-examined in relation to the 
utilization of contrast media. Nonprotein 
bound organic compounds are apparently 
regulated in their penetration across endo- 
thelial and cell membranes of the central 
nervous system according to their lipoid 
solubility and their degree of ionization. 
The highly lipoid soluble substances and 
the less dissociated ionic molecules tend to 
penetrate better into the cerebrospinal fluid 
and by inference into the central nervous 
system. On the other hand, protein-bound 
materials do not cross the intact endothelial 
membrane in this area. Tschirgi,® for 
example, has noted that trypan blue, com- 
monly used to demonstrate violations of the 
blood-brain barrier, is a relatively good 
protein binder (relatively poor compared 
to Evans blue, but relatively good com- 
pared to the contrast media). In normal 
rats 1t leaves the brain unstained on intra- 
venous application, but diffuses out into 
other organs, as for example, the liver. If 
applied without plasma proteins to the 
surface of the brain, it stains this structure 
to a depth proportional to the duration of 
the contact. If applied to the surface of the 
brain wth plasma proteins, it stains the 
surrounding dura and muscles but leaves 
the brain colorless. It also stains the cere- 
bral blood vessel on intravenous introduc- 
tion down to the level of the piaglial mem- 
brane. 

Considering the fact that albumin occurs 
in the intima of vessels and realizing the 
now widely-held concept gleaned largely 
from studies with the electron microscope 
that there is an absence of interstitial (al- 
bumin) space in the brain,” a mechanism 
becomes apparent that might explain many 
of the phenomena associated with the 
blood-brain barrier; for absence of an inter- 
stitial space also spells absence of inter- 
stitial fluid and lymphatic fluid, and these 
are necessary elements to transport protein 
bound materials from the vascular com- 
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partment to the intracellular compartment 
of an organ. Regardless of what the intra- 
cellular pH in the brain might be, there is 
then no mechanism to transport protein 
bound materials to the intracellular com- 
partment, if the vascular endothelium re- 
mains intact. 

Certain observed phenomena can be 
explained in the relationships just elabo- 
ated: 

I. The penetration of intravenous trypan 
blue, the most widely used blood-brain 
barrier indicator down to the piaglial mem- 
brane in juxtaposition to the endothelium, 
is readily explained by recalling the pres- 
ence of albumin in the vessel wall (either as 
а structural component or "soaked.in" 
from the plasma). 

2. Failure of the albumin bound trypan 
blue to extend into brain perivascular lym- 
phatic and extracellular spaces as in other 
organs is due to the absence of such albumin- 
laden areas in the brain. 

3. In cerebral angiography most malig- 
nant gliomas present as a tangle of abnor- 
mal-appearing new vessels, without a homo- 
geneous diffuse stain, while meningiomas 
often show, in addition to abnormal vessels, 
a persistent, homogeneous “blush,” similar 
to that noted in vascular tumors occurring 
elsewhere in the bodv where there is ready 
access to the extravascular albumin-laden 
fluids (peripheral sarcomas, renal tumors, 
etc). The meningioma, of course, is of 
mesodermal origin, and as such does have 
extravascular extracellular space. There is, 
on the other hand, no alternative evidence 
to suggest that the vascular composition of 
meningiomas per se* would favor the homo- 
geneous stain or the impaired contrast circu- 
lation documented by Greitz.” 

4 In similar fashion one may note, as 
has Gardner,” that the highest uptake of 
radioactive idoinated human serum al. 
bumin used for localization of brain tumors 
occurs in metastatic carcinomas, sarcomas, 
and some meningiomas; these tumors arise 
from tissues that do not possess a barrier. 

5. The intravenous LD;, dose in rabbits 
for hypaque is somewhat greater than twice 
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that for urokon, yet the intracisternal 
toxicity in the rabbit for these two sub- 
stances is almost identical. In the intra- 
cisternal situation, protein binding no 
longer modifies toxicity. 

6. Urokon and diodrast, good protein 
binders, have been shown to be more in- 
jurious to the blood-brain barrier on carotid 
injection than has hypaque or renografin, 
poor protein binders.^" Injury to the bar- 
rier has shown a definite dependence on 

"application time." The good protein bind- 
ers are in an advantageous position to per- 
sist in the position of the albumin in the 
vessel wall, and from this point of vantage, 
exert whatever influence is germane on the 
integrity of this structure. 


С. UROKON BINDING AND RHEUMATOID ARTHRITIS 


Finally, a word or two must be said about 
the unexpected relation that we have noted 
between urokon binding ability and pa- 
tients with rheumatoid arthritis. This has 
been mentioned in two previous communi- 
cations,'®?6 and will only be outlined here. In 
brief, we have found that the sera of many 
patients with rheumatoid arthritis have a 
special affinity for urokon in dilute solution, 
and although this 1s occasionally seen to a 
lesser extent in other disease states, the 
rheumatoids as a group appear to be 
unique. Whether this represents some in- 
herent alteration in the albumin molecule 
of such patients or a disturbance in the 
binding and transport of some urokon-like 
metabolite that we cannot yet identify, 
remains to be determined. 


CONCLUSIONS 


1. Some of the protein binding charac- 
teristics of a number of contrast media have 
been studied. 

2. The contrast media tested bind almost 
entirely to albumin and, except for dio- 
drast, appear to compete for similar binding 
sites on this protein. 

3. Direct and competitive binding 
studies have established the relative affini- 
ties of the tested contrast media for al. 
bumin. 
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4. For the triiodobenzoic acid 
pounds, the presence or absence of a 
prosthetic group at the 5 position appears 
to determine the relative weakness or rela- 
tive strength of binding with albumin. 

There is a marked species variation in 
= degr ee of protein binding of each of the 
contrast media. 

6. Some of the contrast media when 
incubated with whole blood or washed red 
blood cells produce a marked degree of red 
blood cell crenation. This is particularly 
true of the better binding materials. 

The crenation effect in red blood cells 
may be related to the binding of contrast 
media to protein in or around the red blood 
cells. 

8. There appears to be a high degree of 
correlation between the strength of binding 
determined by equilibrium dialysis in this 
investigation and published reports of in- 
travenous 110, toxicity expressed in milli- 
mols per kilogram dosage levels. 

g. Evidence from this study and from 
the literature suggests that local and sys- 
temic toxicity from contrast materials is 
mediated via derangements of the blood 
elements and blood vessels. This may be 
related to the demonstrated presence of 
contrast binding albumin sites in or on 
these structures. 

10. The more highly protein bound con- 
trast media appear to be preferentially 
excreted in the bile and the less highly 
bound media in the urine. Induced altera- 
tion of binding dynamics in the rabbit 
suggests that excretion of a contrast sub- 
stance in the bile may be dependent on a 
postulated system of albumin transport. 

11. Ап in vitro study of the binding 
dynamics of bilirubin relative to some of 
the contrast media suggests that both 
urokon and cholografin are capable of com- 
petitively displacing bilirubin from al- 
bumin in the human, and therefore are 
theoretically capable of producing kernic- 
terus in the jaundiced infant. These binding 
dynamics, however, are somewhat different 
in other species. 

12. The absence of an extravascular tis- 
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sue space and, hence, an albumin space, in 
the brain is in keeping with the failure of 
contrast media and the albumin bound 
substances to extend outside of normal 
cerebral vascular endothelium. Certain 
brain tumors on the other hand (meningio- 
mas, certain metastatic carcinomas, and 
sarcomas) do have an interstitial space. The 
persistent angiographic “blush” of menin- 
giomas and some other tumors тау be 
explained on this basis. 

13. Injuries to the blood-brain barrier 
system by the relatively good protein bind- 
ers may be related to the presence of 
albumin in the vascular endothelium of the 
cerebral vessels. 

t4. Urokon has a unique 7» vitro affinity 
for the serum of patients with rheumatoid 
arthritis. 


Elliott C. Lasser, M.D. 

Department of Radiology 

University of Pittsburgh School of Medicine 
Pittsburgh 13, Pennsylvania 
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A MODIFIED LUMBAR PUNCTURE NEEDLE FOR 
PNEUMOENCEPHALOGRAPHY* 


By BERNARD S. EPSTEIN, M.D., and JOSEPH A, EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


NE of the reasons for unsatisfactory 

lumbar pneumoencephalograms is the 
presence of subdural air. This causes con- 
flicting shadows over the brain which inter- 
fere with the diagnostic qualities of the 
examination. 

Air may enter the subdural space if the 
needle bevel is situated partly subdurally 
and partly in the subarachnoid space. Thus, 
the cerebrospinal fluid may flow readily, 
but when air is injected it passes into the 
subarachnoid and the subdural spaces. A 
traumatic puncture, or one done a day or 
two previously, may cause a rent in the 
arachnoid permitting the fluid to seep into 
the subdural space, thereby increasing its 
depth. If the needle tip rests in this area, 
the flow of fluid usually is diminished and 
the tap should be considered unsatisfactory. 
However, if the return of fluid is deemed 
adequate and air is injected, most of it may 
accumulate subdurally. 

It occurred to us that if the lumbar punc- 
ture was atraumatic, and if the lumen in 
the needle tip were smaller, the incidence of 
subdural air injections might be lowered. 
A short-bevelled needle was first used, but 
the taps were considered traumatic be- 
cause the needle tip did not permit easy 
perforation of the tissues. 

For the past year we have been using a 
17 gauge 4 inch lumbar puncture needle* 
with its tip modified by introducing a short 
soldered plug in the bevel. The bevel is 3 
mm. long, about the same as that of the 
usual lumbar puncture needle. А о.одо hole 
is bored on either side of the shaft, $ mm. 
back from its extreme tip in line with the 
perpendicular formed by the bevel tip. The 


* The needles were provided to us through the courtesy of 
Becton, Dickinson & Co., Rutherford, New Jersey. 





Fic. 1. (4) Modified lumbar puncture needle with 
stop-cock incorporated into hub. (В) Same type of 
needles with conventional hub and stylet with- 
drawn. 


needle is inserted with the bevel parallel to 
the long axis of the canal, so that the fibers 
of the dura are less likely to be cut. The 
area through which fluid can flow is limited 
to these two small holes as compared with 
the 3 mm. length of the usual open bevel. 
It was felt that air was not as likely to be 
injected into any area other than the sub- 
arachnoid space if the holes permitted free 
flow of cerebrospinal fluid. 

The needle is advanced with the stylet 
out after the skin has been pierced. Its 
entrance into the subarachnoid space can 
be identified immediately when fluid flows 
freely, thereby diminishing the chance of 
thrusting the needle point through the 
anterior aspect of the dura. In order to 
avoid possible contamination by reinser- 
tion of a stylet, a stopcock is placed in the 
needle hub as soon as fluid is obtained. 
Recently, we have been using a needle in 


* From the Department of Radiology and the Division of Neurosurgery of the Department of Surgery, The Long Island Jewish 


Hospital, New Hyde Park, New York. 
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Fic. 2. (4 and В) Magnified views of needle tip. 


which the stopcock has been incorporated 
as part of the hub. This permits a some- 
what better control of fluid withdrawal and 
air injection. 

A review of the last so lumbar pneumo- 
encephalograms in adults revealed 2 on 
which small quantities of subtentorial gas 
was visualized, in neither instance interfer- 
ing with the diagnostic quality of the 
roentgenogram. One patient had fainted 
suddenly and had to be placed in a horizon- 
tal positoin with the needle iv situ. It was 
felt that a small rent might have been 
produced, permitting a small amount of air 
to enter the subdural space. 

A similar needle of two inch length and 
20 gauge caliber is being utilized for infants. 
The needles for adults are also supplied to 
us in 18 and 20 gauge calibers. 


Bernard 5. Epstein and Joseph A. Epstein 
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Fic. 3. А. Modified lumbar puncture needle tips L 
Opening in subarachnoid space; 2. opening at 
arachnoid. B. Conventional needle tip with open 
bevel: 3. Bevel entirely within subarachnoid 
space; 4. bevel half in subarachnoid space and half 
in subdural space, ez face view; §. same position- 
ing as 4, lateral view. The arrows indicate the flow 
of air. 


SUMMARY 


A modified lumbar puncture needle with 
its tip blocked and access to the subarach- 
noid space by way of two small holes in the 
shaft just above the plugged tip, has been 
used for pneumoencephalography in adults 
with a resultant low incidence of passage of 
air into the subdural space. 


Bernard S. Epstein, M.D. 
The Long Island Jewish Hospital 
270-05 76th Avenue 


New Hyde Park, L.L, New York 
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THREE SIMPLE DEVICES TO FACILITATE CONTRAST 
NEUROROENTGENOGRAPHY* 


By М. М. SCHECHTER, M.D., and LAWRENCE. STRENGER, M.D. 


NEW YORK, NEW YORK 


URING the course of ventriculog- 

raphy it is often important to visual- 
ize the posterior ventricular system. This 
may require the introduction of additional 
air by way of the lumbar route, or the 
manipulation (somersaulting) of the patient 
by several people to effect the necessary 
displacement of the available air. Both 
methods leave much to be desired. The 
former requires the performance of an 
additional procedure with its concomitant 
hazards in a patient who may not be co- 
operative. The latter requires the assistance 
of several aides in addition to the personnel 
usually at hand. The fluid nature of the 
contrast medium also calls for speed in the 
manipulation of the patient to obtain 
favorable studies. 


1. POSTURAL HARNESS (PARACHUTE) 


Attempts to solve the above problem led 
to the development of the device to be 
described. 'This has proved to be most use- 
ful not only for ventriculography but also 
for air encaphalography, and in the general 
handling of the patient about the neuro- 
radiology unit. 

The equipment consists of a standard 
United States Air Force parachute harness 
(Type 111), a suspension unit, a chain hoist, 
and a track from which the unit is hung 
(Fig. 1). The degree of mobility of the unit 
is dependent upon the latitudes of motion 
provided by the overhead track. The chain 
hoist utilized is the 250 lb. Midget hoist 
which is fairly compact, has a desirable 
mechanical advantage, and an adequate 
safety factor. The hoist will rotate about its 
long axis, contributing this latitude of free- 
dom of motion for the entire device. The 
chain hoist is attached to the suspension 
unit which causes a "trapeze" effect below. 





Fic. 1. The postural harness (parachute). 


'The suspension unit consists of a spreader 
bar, which is 38 inches long, with holes 
recessed 1 inch from either end going 
through the t inch diameter steel bar (or 
pipe). Steel cable, 1 inch in diameter, 18 
threaded through the holes at both ends 
of the bar. Loops are fashioned at the ends 
and centrally. Heavy, adjustable length 
web straps are attached to the cable loops 
and to the harness. Swivel clips are utilized 
at the attachment to the harness. They 
provide rotation along their long axis, 
thereby allowing the harness to be rotated 
about a horizontal axis. The harness 15 
adjustable to the habitus of most adults. 
Suitable sites for suspension are located at 
shoulder and hip level (points of attach- 


* From the Neuroradiological Unit of St. Vincent's Hospital, New York, New York. 
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Vic. 2. Myelography harness, 


ment to the harness of the risors and survi- 
val kit). 

In using the apparatus, the harness may 
be fitted to the patient before the proce- 
dure. Caution must be excercised in fitting 
the leg straps about the groin. Perineal 
structures should be free between the 
straps. Padding the points of contact be- 
tween the clavicles and the harness may 
enhance the patient’s comfort. The harness 
need not fit as tightly as is necessary when 
used for escape from an aircraft. 

Suspension of the harness at hip level 
permits for somersaulting the patient, al- 
lowing the air to flow through the third ven- 
tricle and aqueduct into the fourth ven- 
tricle. It should be remembered that in the 
inverted position the venous pressure to the 
head is increased. 

Attachment of the device at both shoul- 
der and hip levels has been useful in main- 
taining the upright position of patients 
during the various phases of air encephalog- 


M. M. Schechter and Lawrence Strenger 


Feprvary, 1962 


raphv. There is adequate access to the 
lumbar region in the properly fitted harness 
to permit lumbar puncture with ease. 

The apparatus has been used to lift 
incapacitated patients to and from the 
stretcher and about the room. Two persons 
can carry out manipulations previously 
requiring four or more, with greater speed 
and less confusion. 


2. MYELOGRAPHY HARNESS 

Experienced radiologists are aware of the 
frustration. encountered during cervical 
myelography, where the immobilizing de- 
vice used to support the patient in the 
inclined plane is directly in the path ot 
the lateral roentgen ray beam. To ob- 
tain a lateral roentgenogram of this region 
using a horizontal beam, the immobiliz- 
ing device, which is usually manufactured 
of radiopaque material, must be remove: 
Thus the patient no longer has the benefit 
intended. Either the table must be re- 
turned to horizontal, thereby changing the 
position of the contrast medium, or some 
other arrangement for immobilizing the 
patient must be employed. This problem is 
very easily and conveniently overcome by 
the use of the harness described below. This 
harness was designed and used at the 
National Hospital for Nervous Diseases, 
Queen Square, London, and can be manu- 
factured inexpensively with many advan- 
tages over the conventional more expensive 
equipment, 

The myelography harness (Fig. 2) Is con- 
structed essentially of two 20 foot long 
canvas straps. The middle third of each 
strap which comes in contact with shoul- 
ders and trunk is padded for the patient’s 
comfort. The "proximal" third of the 
padded portions are joined together by 
four 1 inch wide canvas strips in a fashion 
similar to that of railway ties, with the 
separation of the inner edges of the padded 
portions limited to 6 inches. Canvas strips 
are attached to the "distal" third of the 
padded portions for use as ties. Ties joining 
the lateral aspects of the straps are at the 
appropriate level. Most adults cannot slip 
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through the bounds of a harness so con- 
structed. The four long ends of the straps 
are attached to the end of the mvelographic 
table. 

This harness is comfortable and patients 
are able to tolerate prolonged periods in the 
head down position. The shoulders are 
drawn caudad allowing a further few inches 
of cervical spine free for roentgenography 
without the superimposing shadows of the 
shoulders. By simply freeing the ends of the 
straps, the patient may be turned to the 
prone or supine position. This harness is 
very useful for supporting patients during 
gas myelography. 

3. HEAD HALTER 

The head halter (Fig. 3) consists of heavy 
muslin straps, 3 inches wide, which are 
used to support the head under the chin 
and around the forehead and occiput. There 
are three suspending straps which are used 
for altering the position of the head and 
moving it when needed. 

The muslin straps are fashioned as fol- 
lows: a 4 foot length passes under the chin 
where it is padded at its center part; the 
free lines pass up along the temples and are 
sewn to another band of muslin used to 
encircle the head from occiput to forehead. 
The closed portion of the latter strap fits 
around the occiput as the free ends extend 
forward to be wrapped about the circum- 
ference of the head and tied securely. A 
third strap, 18 inches long, is sewn to the 
midpoint of this horizontal band at the 
occiput. Thus, the two lines coming up 
from the chin along the temples and this 
single line coming up from the occiput are 
stretched above the head and used for sus- 
pension or movement. To secure the cir- 
cumferential band two tapes are attached 
at the point at the occiput; these tie with 
tapes applied to the outer margins of the 
chin strap and make the harness secure 
when it is applied. 


Contrast Neuroroentgenography 
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Fic. 3. Head halter. 


SUMMARY 


Three simple devices which have proved 
useful in ventriculography and air enceph- 
alography are described. The cost of con- 
struction is minimal and the advantages 
over conventional equipment are many. 


M. M. Schechter, M.D. 

St. Vincent's Hospital of the City of New York 
Seventh Avenue and Eleventh Street 

New York 11, New York 
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AN AUTOTOMOGRAPHIC APPLIANCE* 


By EDMUND H. BURROWS, М.В., Сн.В., D.M.R.D. 


ROCHESTER, NEW YORK 


HE value of autotomographic tech- 

niques in neuroradiology 15 now farily 
well established? but their routine use in 
pneumography is obstructed by the dif- 
culty in performing them successfully. Even 
in the most experienced hands and with the 
most cooperative patient, autotomography 
can be a failure. For this reason the tech- 
nique has been branded as unreliable in 
several centers and has been abandoned in 
favor of more conventional and time tested 
methods such routine 
tomography. This is untortunate since this 
method is one of the simplest and most 
effective vet devised for visualizing midline 
structures, both within the brain and at 
the base of the skull. 

The device described below has enabled 
us to be confident of producing successful 
autotomograms even under the most ad- 
verse conditions, and its use is presented in 


as sterec SCOPV or 


the hope that autotomography will be 
more widelv accepted as a basic technique. 
Since the skull and atlas rotate through 
à central axis upon the odontoid process, it 
is possible to secure a tomographic cut of 
the midline structures within the head bv 
waving the patient merely shake his head 
gently, as if signifving “No.” This to-and- 
fro movement blurs all structures lving otf 
center (particularly the petrous temporal 
bones) while the midline structures, being 
stationary, show up in relief. When the 
method is successful, visualization of the 
third ventricle, the aqueduct of Sv] vius and 
the fourth ventricle is dramatic (Fig. 1, 27 
and B). Success is not invariable, however, 
since any deviation from the central axis 
through the odontoid process—either for- 
wards and backwards, as in. nodding, or 
from side to side- will blur the crisp image 
of the midline structures. Even under op- 





Vic. 1. 04) Roentgenogram taken after the injection of 8 cc. of gas. 
mastoid air cells. (Droplets of pantopaque remain in the basa! cisterns from a previous mvelogram.) (В) 
Autotomographic visualization of the fourth ventricle, aqueduct of Svlvius and posterior part of the third 
ventricle after the injection of an additional 4 cc. of gas. Note the increase in definition of the midline 


structures, both within the brain and at the hase of the 


The "ourth ventricle 15 obscured by the 





skull. 


* From the Department of Diagnostic Radiology, Strong Memorial Hospital, Rochester, New York. 
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timal conditions it is dificult to prevent 
these undesired movements—a fact that 
сап be verified by attempting the auto- 
tomographic maneuver oneself. 

Ideally, for the head to move around a 
central axis, it should be fixed at a point on 
the vertex corresponding to the atlanto- 
axial articulation. In this way it may be 
rotated like a wheel on an axle, rather than 
its normal action like a sphere balanced upon 
a universal joint. While a cooperative and 
fully conscious patient may be able to 
rotate his head in one plane only, a suc- 
cessful autotomogram usually requires the 
help of an assistant's gloved hand placed 
upon the patient's vertex to provide a 
fulerum for rotation and to guide the head 
through the desired arc. This involves 
exposure to the direct roentgen-ray beam, 
which is undesirable in any routine pro- 
cedure. 


APPARATUS 


The apparatus described is intended as a 
detachable fitting to the Lysholm-type 





turned as in Figure 3.47. (B) Autotomogram of the midline structures, with gas outlining the fourth ventricle, 
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skull unit, although it could be used with 
any conventional table. [ts most important 
component is the rotatable circular head- 
piece, molded to fit the patient's head and 
anchored firmly upon its freely revolving 
axle to the skull table by a clamp. A width 
of canvas lined by sorbo-rubber is secured 
to the molded headpiece for gripping the 
patient’s head, and this is pulled taut by an 
elastic band along the free margin (Fig. 2.7; 
and 3.4). 

The head should be snugly but not un- 
comfortably held so that a cooperative 
patient will be able to perform the maneu- 
ver unaided. If the patient is unable to 
cooperate, the assistant mav rotate the 
head by turning the handle of the axle with 
his gloved hand while the exposure is made. 
By using a diaphragm and cone, his gloved 
hand ts well bevond the range of the direct 
beam. When the patient is erect, reins may 
be attached to the canvas head-piece over 
the ears, so that the assistant can retreat 
still further and manipulate the patient’s 
head by remote control from behind. 





Fic. 2. (Z) Photograph demonstrating the 
position of the patient during the intro- 
duction of the gas. The autotomographic 
appliance, attached at its base to the 
craniographic table, fits snugly over the 
patient's. head. A cooperative patient 
can usually rotate his head without as- 
sistance; otherwise, the handle may be 





the aqueduct of Sylvius and the posterior end of the third ventricle, as well as the ventral cisterns, The 


clivus and craniovertebral angle are well demonstrated. 





Q 


the patient’s chin, which helps to keep the head extended. 
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р LU aph demonstrating 
"hanging-head" posi- 
tion used for visualizing the anterior 
recesses of the third ventricle by 
autotomography, The plastic-canvas 
"hat" is secured by a strap under 
(B) Autotomogram showing gas outlining the 


anterior end of the third ventricle, ihe chiasmatic cisterns and their relationship to the pituitary fossa, 


Film is viewed in erect position- 
eie the foramina of Monro.) 


ADVANTAGES AND TECHNIQUE 

Although designed specifically for auto- 
tomography, the apparatus has come to be 
used routinely for all lumbar pneumograms, 
since it has unexpectedly solved the prob- 
lem of maintaining the correct position of 
the head while the patient is sitting upright 
and the air is being injected. Neither 
manual support nor a head harness at- 
tached in some other fashion to the body 
supporter (of whatever type) appears to be 
as efficient, or sturdy, or acceptable to the 
patient as this plastic-canvas “hat” hitched 
to the skull table—the very object to which 
the position of the head must be kept in a 
constant relationship. 

Concerning the use of the apparatus for 
autotomographv, it can be stated that it 
enables a completely inexperienced assis- 
tant to be reasonably sure of producing a 
satisfactory result on his first attempt, and 
without being exposed to direct beam 
irradiation in doing so. Moreover, it elimi- 
nates the uncertain atmosphere of experi- 
mentation that so often accompanies the 





note the fluid levels in the third ventricle and both lateral ventricles just 


introduction of a new technique. 

The versatility of the apparatus is such 
that it is of equal value in three recognized 
positions: 

(1) The patient erect, with the head 
bent forward and the chin tucked in, to 
demonstrate the fourth ventricle, the aque- 
duct of Sylvius and the m end of the 


third ventricle (Fig. 2, 4 and B). It is 
usually after the first 8 cc. t gas has been 
injected through the fies puncture 


needle and the scout roentgenograms have 
been viewed, that autotomography is de- 
cided upon. A diaphragm (and preferably a 
cone) to include no more than the torcular 
Herophili and the tuberculum sellae is 
used and the roentgen-rav beam is centered 
to the external auditory meatus. The man- 
euver is best performed immediately after 
an additional 5-8 cc. of gas is injected. 

(2) The patient prone, usually following 
ventriculography but also after lumbar 
encephalography when the fourth ventricle 
was not seen “оп the way up.” 


(3) The patient supine, with “hanging 
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head” to raise the level of, and capture air 
in, the anterior end of the third ventricle 
(Fig. 3, 4 and B). This position is essential 
for adequate visualization of the optic and 
infundibular recesses. 

Suggested technical factors to be used 


аге 50-55 kv., ṣo ma., and 3 seconds. 


SPECIFIC APPLICATIONS 


The uses of autotomographic techniques 
in air studies are well known. The advan- 
tages of this method of investigation over 
other methods, particularly conventional 
tomography, in investigating the midline 
structures of the skull base have perhaps 
not been sufficiently emphasized. 


AIR STUDIES 


(1) Well-pneumatized mastoid air cells 
may completely obscure the fourth ven- 
tricle in the lateral projection or may ren- 
der its boundaries uncertain. Stereoscopic 
films or conventional tomography in the 
horizontal lateral plane are bizarre alterna- 
tives to the infinitely simpler technique of 
autotomography. 

(2) Distortion of the aqueduct of Syl- 
vius, or disruption of its normal relation- 
ship to the third ventricle above it and the 
fourth ventricle below it, may not be 
demonstrable on conventional air studies 
and may require autotomography to show 
the whole of this part of the ventricular 
system. For instance: (a) pontine space- 
occupying lesions will displace all three 
structures in a gentle sweep away from the 
clivus; or (b) the aqueduct of Sylvius may 
be kinked by a tumor of the superior 
vermis; these features, obscured on the 
conventional pneumograms, may be dra- 
matically demonstrated by  autotomo- 
graphy. 

(3) Overlying air in the cortical sub- 
arachnoid channels, in the temporal horns 
of the lateral ventricles or in the ventral 
subarachnoid cisterns may completely ob- 
scure the outline of the third ventricle, and 
particularly its vitally important, strate- 
gically situated anterior recesses. Since the 
only satisfactory alternative for the demon- 
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stration of these structures may be positive 
contrast ventriculography, it is worthwhile 
taking pains to obtain a satisfactory auto- 
tomogram. A “hanging head" autotomo- 
gram may be a dramatic vindication of 
persistence, and may save the patient an 
unnecessary operation. Equally valuable 
is the autotomographic demonstration of a 
filling defect at the posterior end of the 
third ventricle due to a pinealoma. 


SKULL BASE 


А successful autotomogram will show 
with sharp clarity the image cast by the 
midline structures, ż.e., the sella turcica, 
the clivus, the margins of the foramen 
magnum and the atlanto-occipital articula- 
tion. 

Satisfactory examination of the clivus, 
either by routine lateral projections or by 
conventional tomographic cuts made in the 
true lateral plane, may be impossible if the 
mastoids are sclerotic. Since erosion of the 
clivus is best assessed in profile views, 
autotomography may well offer the best 
means at our disposal for visualizing the 
midline part of this structure, from the sella 
turcica to the anterior rim of the foramen 
magnum. 

Most patients with bony deformities at 
the craniovertebral angle, including basilar 
impression, eventually undergo multiple 
section tomography. A single midline cut, 
expeditiously and competently performed 
at the same time as the routine study, may 
yield sufficient information to enable a 
diagnosis to be made and to obviate further 
roentgen examination. 


SUMMARY 


1. A simple head-holding device for at- 
tachment to a craniograph or to a conven- 
tional roentgen-ray table is described. The 
apparatus, primarily designed rigidly to 
control autotomographic maneuvers with 
less exposure to the operator, has been 
found to be useful for holding the patient's 
head in the correct position during pneumo- 
encephalography. 

2. Autotomographic techniques and in- 
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dications for them are described in relation : REFERENCES 

to the apparatus, and a comparison Is made т. ScHEcHTER, М. M., and Jina, B.-S. Improved 
with the more established radiodiagnostic visualization of ventricular system with technic 
methods. of autotomography. Radiology, 1960, 74, 593- 
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University of Rochester Medical Center et du quatrième ventricule au moyen de petites 
Rochester 20, New York quantités d'air. Acta radiol., 1950, 34, 399—407. 


Vor. 87, No. 2 


PRIMARY SPINAL TUMORS: A SEVEN-YEAR STUDY* 


By ARTHUR S. TUCKER, M.D., 


BISAMAI ARAMSRI, M.D., 


and W. JAMES GARDNER, M.D. 
CLEVELAND, OHIO 


RIMARY spinal tumors originate pre- 

dominantly from nervous tissue and its 
investments, whereas tumors in the i intra- 
cranial cavity originate more frequently 
from the brain than from the meninges and 
nerve roots. Apparently, this is because the 
amount of nerve tissue within the brain is 
greater in pr oportion to the nerve roots and 
meninges than it is in the spinal cord. In 
other words, the occurrence of gliomas, 
neurofibromas, and meningiomas within 
the cranium and spinal canal is roughly 


proportional to the relative volume of 


nerve tissue, which gives rise to these tu- 
mors. Adson! reports that spinal tumors 
arising in the meninges, nerve roots, blood 
vessels, and supporting tissues outnumber 
tumors arising within the spinal cord by 
4 tol. 


MATERIAL 


Primary spinal tumors were found in 96 
patients seen in the Cleveland Clinic during 
the seven years, 1949 to 1955, inclusive. 
To these have been added 71 cases of 
tumors of the spinal cord previously seen 
at the Cleveland Clinic and reported i 
1949 by Hannan, Hughes, and Mulvey.? 
Operations were performed on 165 of the 
combined 167 total tumor patients. Histo- 
logic identification was obtained in 162 


cases; the remaining 3 were instances of 


intramedullary tumors, in which the sur- 
geon hesitated to perform an adequate 
biopsy for fear of increasing the patient’ 8 
neurologic deficit. Biopsy of one of these 
was reported by the pathologist as “tissue 
insufficient for diagnosis," of another as 
merely “hyaline fibrous tissue." In the 
third no biopsy was attempted. Grossly, 
all 3 were considered to be gliomas. 

Our findings have been carefully com- 


pared with those described by other au- 
thors. The largest series found in the 
literature was that of Rasmussen, Kerno- 
han, and Adson,’ who gave a very detailed 
account of 57 histologically verified neo- 
plasms of the spine and found another 64 
intramedullary lesions which were not 
identified by biopsy but which were “рге- 
sumably tumors or cysts of the spinal 
cord." 

The histologic classification in our series, 
as well as that of Hannan, Hughes, and 
Mulvey,’ is given in Table т. Neurofibroma 
was the most frequently encountered tu- 
mor, and meningioma a close second. How- 
ever, in our series, 2 tumors listed as 
neurofibroma were not verified, although 
the clinical signs and roentgenograms (in- 
cluding, in one instance, a myelogram) 


Tage T 


HISTOLOGIC CLASSIFICATION OF PRIMARY SPINAL 
TUMORS 





Combined 
Present Hannan Cleveland 





Series — et al? Clinic 

Cases 
Neurofibroma 27 30 57 
Meningioma 25 22 47 
Ependymoma 5 10 15 
Glioma 10 6 16 
Cyst 2 2 
Mixed (teratoma) 3 2 5 
Lipoma I 1 
Vascular tumors 3 i 4 
Chordoma 6 6 
Giant cell tamor І 1 
Aneurysmal bone cyst 1 І 
Sarcoma 4 4 
Lymphoma 8 8 
Totals 96 71 167 


* From the Departments of Radiology and Neurosurgery, The Cleveland Clinic Foundation, and the Frank С. Bunts Educational 


Institute. 
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Taste H 
ANATOMIC DISTRIBUTION OF PRIMARY SPINAL TUMORS 
Cervical Thoracic Lumbar EN 
SOR : Sacrum Total 
Region Region E ud 
Present series 21 52 19 4 9% 
Neurofibroma 5 14 8 
Meningioma 3 21 1 
Ependymoma 2 1 2 
Glioma $ 4 1 
Hannan et alë 16 29 25 I “I 
Combined Cleveland Clinic Series 37 (22%) 81 (48% 44 (26%) 5 (3%) 167 
Rasmussen ef al’ 100 (18%) 304 (54%) 117 (21%) 35 (7%) 556 
Grant 24 (22%) 70 (65%) 6 (6%) 8 (8%) 108 
Cauda 
Horrax e et dui: 12 (20%) 35 (57%) 14 (23%) 61 
were typical. These 2 patients refused mors except ependymomas was likewise 


surgical treatment. 

The present study differs from 
Hannan, Hughes, and Mulvey® in that it 
includes a number of tumors originating 
outside the spinal canal. These chordomas 
and bone tumors have been added because 
the symptoms produced by their pressure 
upon the spinal cord or its nerves are 
indistinguishable from those caused by 
tumors originating within the spinal canal. 
The cases listed as sarcoma or lymphoma 
would ordinarily be classified as metastatic 
tumors, but in each of these instances no 
primary source elsewhere in the body could 
be found, and all behaved like primary 
tumors of the spinal cord. 


ANATOMIC DISTRIBUTION OF TUMORS 


In approximately one-half of the com- 
bined Cleveland Clinic cases, the spinal 
tumors were found in the thoracic region, 
which of course constitutes the longest 
portion of the spinal column. Table 11 shows 
the anatomic distribution in our series and 
in those of several other 
whom reported even a higher preponder- 
ance of thoracic lesions. 

The relative incidence of all spinal tu- 


that of 


authors, all of 


highest in the thoracic region; this was 
especially true for meningiomas which ex- 
hibited an incidence of 84 per cent. Ras- 
mussen, Kernohan, and Adson” reported 82 
per cent of 140, Bull? 92 per cent of 59, and 
Horrax, Poppen, Wu, and Weadon? 70 per 
cent of 24 meningiomas as originating in the 
thoracic region. It is conceivable that the 
multiple connections and attachments 
which occur between the pia and arachnoid 
over the cervical and thoracic portions of 
the spinal cord may constitute a predispos- 
ing factor. In the lumbar spine, by contrast, 
the pia and arachnoid are completely sepa- 
rated, and here meningiomas occur but 
rarely. Meningiomas in the sacral portion of 
the spinal canal to our knowledge have not 
been seen. 

The location of the tumors relative to the 
spinal cord is given in Table тп. A total of 
бт per cent of the tumors seen at the 
Cleveland Clinic were intradural but extra- 
medullary—which is the same percentage 
as reported by Rasmussen, Kernohan, and 
Adson. Most of the neurofibromas and, 
especially, meningiomas fell into this cate- 
gory. Except for ependymomas, all gliomas 
were intramedullary. 
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LOCATION OF PRIMARY SPINAL TUMORS IN RELATION ТО SPINAL CORD 

















Intramedullary 








Intradural 

Present series 32 53 її 96 

Neurofibroma 5 20 

Meningioma 3 22 

Ependymoma 4 I 

Glioma 10 
Hannan e a? 11 48 12 si 
Combined Cleveland Clinic 43 (26%) 101 (61%) 23 (14% 167 
Rasmussen ef al! 196 (36% 339 (61%) 64 (22%)* 557 











* There were 64 additional intramedullary lesions, “presumably tumors or cysts of the spinal cord," which were not identified by 


biopsy. 


A comparison of the distribution of the 
tumors as to type between the present 
series and that of Rasmussen, Kernohan, 
and Adson’ is given in Table iv. 


AGE AND SEX INCIDENCE 


The youngest patient in our series was a 
boy, six vears of age, with a fatty tumor 
associated with a congenital incomplete 
formation of the sacrum. The oldest patient 
was a man, eighty-seven years old, with a 
neurofibroma at T-12. 
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DISTRIBUTION OF PRIMARY SPINAL TUMORS 













AS TO TYPE 
s Rasmussen 
Present Series 1 
et al. 
Neurofibroma 27 (28% 163 (26%) 
Meningioma 25 (266 140 (23%) 
Ependymoma 5 (5 ntrame- б? 

: М z | 160 (26%) 
Glioma то (10%) ачагу : 
Cyst 2 2% | 
Mixed (teratoma) 3 (30), 33 (590) 
Lipoma 1 (195)jlaneous 
Vascular Е (3 47 (8% 
Chordoma 6 (6 23 4%) 
Giantcelltumor r (т 








Aneurysmal bone 
cyst 

Sarcoma 

Lymphoma 





Bull? reported a significant age difference 
in patients with neurofibromas and menin- 
giomas. Although he found considerable 
overlap of ages, the average age of his 52 
neurofibroma patients was thirty-eight, of 
his 9 meningioma patients fifty. A similar 
difference, although not so striking, was 
noted in our series. The peak age incidence 
for both meningiomas and neurofibromas 
was In the sixth decade (Table v). Ependy- 
momas and other gliomas tended to occur 
in a younger age group. 

Previous studies have shown that spinal 
neoplasms occur more often in females than 
in males. This has also been the case in our 
series (Table vi). Horrax, Poppen, Wu, and 
Weadon?* reported twice as many female as 
male patients among the 61 neurofibromas 
and meningiomas they collected in a four- 
teen year period, but did not mention the 
actual sex incidence in each of the two tu- 
mor groups. Bull? reported no marked sex 
difference among 52 neurofibroma patients, 
but an 85 per cent female preponderance 
among £g patients with meningiomas. Simi- 
larly, we have found an almost equal sex 
distribution among our 24 patients with 
proved neurofibromas, and 80 per cent of 
our meningioma patients were females. 


SUMMARY 


I. By adding our study of 96 cases of 
spinal tumors seen at the Cleveland Clinic 
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TABLE V 





AGE INCIDENC 





OF PATIEN' 





`$ WITH SELECTED PRIMARY SPIN 





L TUMORS 


















бо-б) 70-79 Bor Re 








ge (уг) 0-9 10-19 50-59 
Neurofibroma 3 7 I 9 6 I 
Meningioma 2 3 11 3 6 
Ependymoma 2 2 
Glioma Н 2 2 2 1 1 I 
Taste VI between fifty and sixty vears. Epen. 


SEX INCIDENCE IN PATIENTS WITH PRIMARY 
SPINAL TUMORS 














Males Females 
Hannan et 27.5 27 41 
Present series 43 53 96 
Neurofibroma 13 12 2 
Meningioma 5 20 2 





during the years 1949 to 1955, inclusive, to 
a previous study made at the Clinic and 
reported in 1949 by Hannan, Hughes, and 
Mulvey,® we have obtained a series of 167 
cases of primary spinal tumors for com- 
parison with other studies. 

2. Almost one-half of the total tumors 
were located in the thoracic spine. Five out 
of 6 meningiomas were in this region; no 
tumors were found in the sacrum. 

3. Sixty-one per cent of the combined 
total tumors were intradural but extra- 
medullary. 

4. Neurofibroma was the most fre- 
quently encountered primary spinal tumor; 
followed by meningioma. These tumors 
account for approximatelv one fourth of all 
spinal tumors. 

5. The peak age incidence of patients 
with neurofibromas and meningiomas was 


dymomas and other gliomas tended to oc- 
cur at an earlier age. 

6. The sex difference was not significant 
except in cases of meningiomas, where 4 
out of § patients were females. 


Arthur S. Tucker, M.D. 
Department of Radiology 
University Hospitals 
Cleveland 6, Ohio 
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BRONCHOGENIC CARCINOMA* 


A COMPARATIVE STUDY OF THE PALLIATIVE EFFECTS OF 
RADIATION THERAPY, RADIATION THERAPY PLUS 
NITROGEN MUSTARD, AND RADIATION THERAPY 

PLUS AMETHOPTERIN AND ACTINOMYCIN D 
IN COMBINATION 


By LESLIE L. ALEXANDER, M.D., JULIA CAUSING, M.D.,f HAROLD N. SCHWINGER, M.D., 
and MIN CHIU LI, М.Ю. 


BROOKLYN, NEW YORK 


HE first recorded case of bronchogenic 

carcinoma dates back to a century and 
a half ago when Bayle? described the clinical 
and autopsy findings in one of his patients. 
An obviously rare condition then gradually 
and steadily has become the most frequent 
of all cancers!?!*:5 and the only form of 
cancer that is increasing in both sexes.” 

It is generally conceded that the surgical 
removal of the primary tumor and regional 
lymph nodes and lymphatics is the treat- 
ment of choice in operable cases of lung 
cancer. From 20*!? to almost ṣo per cent? 
of the cases, depending on the series, are 
deemed inoperable by the time the patient 
presents for surgery. Of those patients who 
do undergo a thoracotomy, about 43 per 
cent have nonresectable cancer.? 

What then is available to this majority 
of lung cancer patients who cannot benefit 
from surgical extirpation? Even as far back 
as the early 1930’s radiation therapy was 
used to induce local tumor regression, re- 
lieve symptoms and prolong survival time 
in some patients." Smart and Hilton? re- 
ported a 33 per cent five year cure in pa- 
tients with operable bronchial carcinoma 
treated by external irradiation alone. These 
cases, however, are exceptional rather than 
the rule since most workers treat far ad- 
vanced inoperable patients in whom the 
objective of treatment is palliation. More 
recently, the use of interstitial irradiation 


with radioactive iridium has been used with 
interesting results.? 

Effective relief of symptoms such as 
dyspnea, hemoptysis, cough, pain and 
anxiety, and objective regression of lung 
tumors and pleural effusions in some cases 
have been noted with the systemic use of 
chemotherapeutic agents.5!92927528 These 
effects are generally transient in nature. 

The use of a drug in conjunction with 
radiation therapy in an attempt to sensi- 
tize tumor cells to roentgen or gamma rays 
has been the subject of many investiga- 
tions.!'5.2° This report compares the clinical 
effects of radiation therapy alone with those 
of radiation therapy plus nitrogen mustard, 
and radiation therapy plus amethopterin- 
actinomycin D in combination on patients 
with demonstrable advanced carcinoma of 
the lung and bronchus. 


MATERIAL AND METHODS 


One hundred and twelve patients with 
carcinoma of the lung and bronchus were 
selected for treatment and observation be- 
tween 1955-1960. Active treatment ex- 
tended through 1959 only. All of the pa- 
tients were declared inoperable or were 
found to have nonresectable lesions by the 
surgical staff. All had a cytologic diagnosis 
established by thoracotomy biopsy, bron- 
chial biopsy, scalene lymph node biopsy, 
or by exfoliative cellular studies. All pa- 


* From the Departments of Radiology and Medicine of the State University of New York Downstate Medical Center and the Kings 


County Hospital Center, Brooklyn, New York. 


This work was supported in part by research grants from the American Cancer Society, and the New York City Research Council 
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+ Also from the Division of Clinical Chemotherapy, Sloan-Kettering Institute, New York, New York. 
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tients had demonstrable and measurable 
disease for periodic objective evaluation. 
Patients excluded from the study were 
those who because of severe debilitation 
and extent of disease could not complete 
even an accelerated course of irradiation 
and those who because of advanced disease, 
central nervous system involvement, poor 
hepatic or renal function, and inanition 
obviously could not tolerate four to six 
weeks of intensive chemotherapy. 

The ages ranged from twenty-seven 
years to seventy-eight vears with over go 
per cent of the patients above the age of 
fifty. 

The patients were classified into the fol- 
lowing therapeutic groups: Group 1—radia- 
tion therapy alone, 58 patients; Group rr— 
radiation therapy plus nitrogen mustard, 
15 patients; and Group 111—radiation ther- 
apy plus amethopterin-actinomycin D com- 
bination, 39 patients. 

The majority of patients in the first two 
groups received treatment according to con- 
ventional clinical patterns from January, 
1955 to December, 1947 and prior to the 
institution of experimental radiation ther- 
apy plus amethopterin-actinomycin D com- 
bination. The physical factors of radiation 
therapy were: 200-250 kv. ; half value layers 
of .g and 1.9 mm. of copper; so cm. target 
skin distance; and tumor doses of 1,200- 
3,000 г in 8-15 days to 8,000 г in 70-90 
days. 

Nitrogen mustard (methyl-bis [beta- 
chloroethyl] amine hydrochloride) was 
given during the roentgen irradiation. A 
single dose intravenously of 0.4 mg. per kg. 
of body weight was administered, or the 
same dose was used but divided equally 
into two or four daily single injections. In 
most instances the drug was given at the 
onset of roentgen therapy. In a few cases, 
however, it was administered near the end 
of the course; although the preferred 
method was to use the drug at the institu- 
tion of therapy. It was hoped that this 
alkylating agent given in conjunction with 
roentgen therapy would produce augmented 
radiation damage to tumor cells. 
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Amethopterin (methotrexate) is a folic 
acid antagonist. This antimetabolite in- 
hibits the enzymatic synthesis of folic acid 
to folinic acid which acts as a carrier of an 
essential carbon fragment in the production 
of nucleic acid. Nucleic acid is necessary for 
the proliferation of cells. Amethopterin was 
given in dailv doses of 2.5 mg. orally during 
the first ten days of roentgen therapy with 
the hope that Paterson’s® therapeutic ratio 
of tumor tissue would be increased relative 
to normal tissue. 

Actinomycin D is an antibiotic possess- 
ing antitumor activity." It potentiates the 
reaction of radiation upon normal skin and, 
in some instances, the therapeutic effect of 
radiation on certain solid tumors.?195.253 
When used in conjunction with amethop- 
terin and one of the poly functional alkylat- 
ing agents, it produces a synergistic or ad- 
ditive effect superior to that of either drug 
used alone on cancers of testicular origin.2::?? 
Actinomycin D was administered intra- 
venously in doses of 0.5 mg. daily from the 
sixth to the tenth day of roentgen therapy. 

Because of the obvious toxic effects of 
the drugs employed in the combined radia- 
tion therapy plus methotrexate-actinomy- 
cin D group, such as depression of bone 
marrow, oral ulceration, diarrhea, extensive 
skin epilation over the irradiated areas, and 
nausea and vomiting, daily appraisal of the 
clinical status of the patients was essential 
before each dose of drugs was given. Upon 
the appearance of toxic manifestations, 
drug and radiation therapy was discon- 
tinued immediately. Appropriate nursing 
care and adequate nutritional and fluid 
balance were maintained in each patient 
who developed toxic symptoms. 

The degree of response to treatment in 
all three groups was based on objective 
roentgenographic findings and measure- 
ment of palpable tumors according to the 
following criteria: 1--—30 to 50 per cent 
tumor regression; 2--—50 to 80 per cent 
tumor regression; 34-—80 to 100 per cent 
tumor regression; and 44-—no evidence of 
local or distant disease. 

Survival time from completion of therapy 
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was used as the major criterion for the 
evaluation of the three methods of treat- 
ment. To some extent subjective improve- 
ment of symptoms was considered. 
RESULTS 

The results observed in these 112 pa- 
tients are shown in Tables т to ту and the 
comparative survival times are shown in 
Figure 1. Measurable diminution in the 
size and extent of lesions was noted on 
roentgenograms and by palpation in 17 
per cent of those treated by radiation ther- 
apy alone, in 53 per cent of those treated 
with radiation therapy plus nitrogen mus- 
tard, and in 64 per cent of those patients 
treated with radiation therapy combined 
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THERAPY (GROUP 1) 
Me Post 
No. of Cases No. of Cases — 88") Therapy 
Me ans Pu eine Survival gor re 
with Objective with Subjective Time Survival 
Responses Responses e Time 
(wk.) 
NTYS (wk) 
o 4/18 (12%) 4/18 (2270) 48 20 
° 15 
o 21 
о 26 
o 34 
о 24 
with amethopterin-actinomycin D. The 


average total objective improvement in the 
three groups was 44.8 per cent. 

Subjective responses were noted in 31 per 
cent of the radiation therapy alone group, 
in 60 per cent of the radiation therapy plus 
nitrogen mustard group, and in 74 per cent 
of the radiation therapy plus amethopterin- 
actinomycin D group. The average total 
subjective improvement in all three groups 
was 55 per cent. Subjective responses were 
based on relief of chest pain, dyspnea, 
cough, hemoptysis and symptoms referable 
to superior vena cava obstruction. The 
duration of relief of symptoms, however, 
was relatively short and ranged mostly 
from one to five months with 80 per cent of 
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Fic. 1, Comparative survival times after therapy 
completion. 


the patients dying before six months. It is 
significant that the group of radiation 
therapy plus amethopterin-actinomycin D 


treated patients had the largest number of 


short term objective and subjective re- 
sponses. The onlv living patient with no 
evidence of local or distant disease in this 
series of 112 patients is from this group 
also. 

All of the patients who received radia- 
tion therapy alone or radiation therapy 
plus nitrogen mustard are dead. The long- 
est survivor (A. S.) of the first group lived 
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36 months after apparent onset of disease 
and 24 months after completion of treat- 
ment. The longest survivor (W. B.) of the 
latter group lived 21 months after treat- 
ment. Of the radiation therapy alone group, 
7 survived over one year, 3 over eighteen 
months, and none over two vears. One of 
these (P. C.), who had an adenocarcinoma 
which showed a 3+ objective response, 
survived 44 months after apparent onset 
of disease and 19 months post therapy 
(Fig. 2, 4 and B). 

Of the 112 patients 12 survived longer 
than т year (Fig. 3, Z, B and C), and one 
still lives. This patient (Y. M.) had an 
anaplastic carcinoma involving the left up- 
per lobe, pericardium and mediastinum, 
and which also was adherent to the 
sternum. This patient has no evidence of 
disease 31 months after completion of 
treatment and 36 months after onset of 
symptoms (Fig. 4, 4, B and C). 

As noted in Figure 1, the £o per cent 
survival time for the radiation therapy 
alone group is five months, for the radiation 
therapy plus nitrogen mustard group four 
months, and for the radiation therapy plus 
amethopterin-actinomycin D group two 
months. Within the first group the longest 
survivors were among those тї patients 
(Table 1, sub-group v) treated with open 
ports or with grid to 5,000-8,000 г tumor 
dose in 50-70 days. Yet, of these, то showed 
no objective response on roentgenograms. 
Also of interest is the fact that those pa- 
tients who were treated rapidly to skin 
tolerance doses in 8—15 days because of far 
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was used as the major criterion for the 
evaluation of the three methods of treat- 
ment. To some extent subjective improve- 
ment of symptoms was considered. 
RESULTS 

The results observed in these 112 pa- 
tients are shown in Tables 1 to 1v and the 
comparative survival times are shown in 
Figure 1. Measurable diminution in the 
size and extent of lesions was noted on 
roentgenograms and by palpation in 17 
per cent of those treated by radiation ther- 
apy alone, in 53 per cent of those treated 
with radiation therapy plus nitrogen mus- 
tard, and in 64 per cent of those patients 
treated with radiation therapy combined 





RESULTS OF RADIATION THERAPY (Group 1) 
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average total objective improvement in the 
three groups was 44.8 per cent. 

Subjective responses were noted in 31 per 
cent of the radiation therapy alone group, 
in 60 per cent of the radiation therapy plus 
nitrogen mustard group, and in 74 per cent 
of the radiation therapy plus amethopterin- 
actinomycin D group. The average total 
subjective improvement in all three groups 
was 55 per cent. Subjective responses were 
based on relief of chest pain, dyspnea, 
cough, hemoptysis and symptoms referable 
to superior vena cava obstruction. The 
duration of relief of symptoms, however, 
was relatively short and ranged mostly 
from one to five months with 80 per cent of 
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the patients dving before six months. It is 
significant that the group of radiation 
therapy plus amethopterin-actinomycin D 
treated patients had the largest number of 
short term objective and subjective re- 
sponses. The only living patient with no 
evidence of local or distant disease in this 
series of 112 patients is from this group 
also. 

All of the patients who received radia- 
tion therapy alone or radiation therapy 
plus nitrogen mustard are dead. The long- 
est survivor (A. S.) of the first group lived 
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36 months after apparent onset of disease 
and 24 months after completion of treat- 
ment. The longest survivor (W. B.) of the 
latter group lived 21 months after treat- 
ment. Of the radiation therapy alone group, 
7 survived over one year, 3 over eighteen 
months, and none over two years. One of 
these (P. C.), who had an adenocarcinoma 
which showed a 3+ objective response, 
survived 44 months after apparent onset 
of disease and 19 months post therapy 
(Fig. 2, 4 and B). 

Of the 112 patients 12 survived longer 
than 1 year (Fig. 3, .4, В and С), and one 
still lives. This patient (Y. M.) had an 
anaplastic carcinoma involving the left up- 
per lobe, pericardium and mediastinum, 
and which also was adherent to the 
sternum. This patient has no evidence of 
disease 31 months after completion of 
treatment and 36 months after onset of 
symptoms (Fig. 4, 4, B and С). 

As noted in Figure 1, the s0 per cent 
survival time for the radiation therapy 
alone group is five months, for the radiation 
therapy plus nitrogen mustard group four 
months, and for the radiation therapy plus 
amethopterin-actinomycin D group two 
months. Within the first group the longest 
survivors were among those 11 patients 
(Table r, sub-group v) treated with open 
ports or with grid to 5,000-8,000 r tumor 
dose in 50-70 days. Yet, of these, то showed 
no objective response on roentgenograms. 
Also of interest is the fact that those pa- 
tients who were treated rapidlv to skin 
tolerance doses in 8-15 days because of far 
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Fic. 2. P. C. (4) Unresectable adenocarcinoma of right upper lung. Roentgenogram made February 20, 1956 
prior to radiation therapy alone. Patient received 6,000 r tumor dose in о days via open port. (B) Roent- 


genogram made May 21, 19:6, three weeks before completion of radiation therapy. Patient had a 3+ ob- 
jective response and was asymptomatic 1! months. Patient died 19 months post therapy. 


advanced disease, severe symptoms, rib а 22 per cent objective response and had a 
metastases, pleural effusion, superior vena mean survival and post therapy survival of 
cava syndrome, or severe debility showed 48 and 20 weeks, respectively. 
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POST THERAPY SURVIVAL TIME IN MONTHS BY PATHOLOGIC CLASSIFICATION 
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Каа. = Radiation therapy. 
Rad. НМ№= Radiation therapy plus nitrogen mustard. 
Rad. A--A- Radiation therapy plus amethopterin and actinomycin D. 
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Of further significance and contrary to 
general belief, the radiation therapy plus 
nitrogen mustard group showed shorter sur- 
vival times than those treated with radia- 
tion therapy alone. Also, despite the fact 
that the radiation therapy plus amethop- 
terin-actinomycin D combination group 
showed the highest objective and subiec- 
tive responses, the survival time was the 
shortest. In addition, there were toxic 
manifestations, such as, stomatitis, diar- 
rhea, epil: ition, mild personality changes i in 
some patients, and/or substantial bone 


marrow depression resulting from this com- 
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bination therapy. Skin erythema occurred 
in some patients with as little as 300 r in 
air. The cutaneous reactions were severe 
but recovery was relatively rapid. Skin 
doses of about 3 3,500-4,000 г produced reac- 
tions comparable to those of about 6,000- 
7,000 r with irradiation alone with con- 
ventional rates. Administration of actino- 
тусп D to patients. who had received 
previous irradiation with complete skin re- 
covery caused a reappearance of the skin 
reaction in some cases. Most of these latter 
observations have been recorded more fully 
elsewhere.5-1? 














Fic. 3. А. С, C4) Roentgenogram of March 2, 
1959 made during a course of roentgen- 
chemotherapy with amethopterin-actino. 
mycin D for a squamous cell carcinoma 
fixing the carina, Note right retraction of 
trachea and right pleural effusion. (B) 
Roentgenogram made March 30, 1959 after 
completion. of radiation-amethopterin-ac- 
tinomycin D therapy, Patient had a 3+ ob- 
jective response and 2+ subjective re- 
sponse. Note return of trachea to midline. 
(C) Roentgenogram made December А 
1960, some 20 months post therapy. Patient 
developed recurrence of disease associated 
with chest pain and hemopty sis 9 months 
after completion of initial therapy. nu 
retraction of trachea to the right again. Pa- 
tient died one month later. 
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DISCUSSION 


Five vear cures in cases of bronchogenic 
carcinoma are гаге 1 is generally conceded 
that the average life expectancy from the 
onset of symptoms to death is about eight 
months. Of 1,749 cases of lung cancer seen 
at the Brompton and Roval Marsden 
Hospitals in London from 1951-1955, the 
total five vear survival rate, after resec tion, 
radical or palliative radiation therapy, or 
after no treatment at all was 6 per cent." 
The end-results report at the Fourth Na- 
tional Cancer Conference at Minneapolis 
(September, 1960) shows 3 and 4 per cent 
five year survivals for males and females 
with cancer of the lung and bronchus be- 
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jective 









Fic. 4. Y. M. (4) Roentgenogram made 
July 7, 1958 before treatment of anaplastic 
carcinoma. Radiation-chemotherapy was in- 
stituted. (B) Roentgenogram made Novem- 
ber 25, 1958 shows a 4+ objective response 
following actinomycin D-amethopterin-ra- 
diation therapy. (C) Roentgenogram made 
November 22, 1960. Patient presents no evi- 
dence of local or distant disease and is 
asymptomatic 32 months post radiation and 
chemotherapy. 


fore 1950, and a corresponding 4 and 8 
per cent after 1950. This increase may be 
due to earlier recognition and diagnosis, 
changes in therapeutic policy, improved 
surgical and radiation techniques, and pos- 
sibly to combinations of radiation therapy 
with chemotherapy playing an additive and 
significant role. Here, in this series, as 
well as in most of the reported ones, the 
lesions were beyond resection, and the ob- 
of treatment was alleviation of 
symptoms. 

Mention must be made again of the 
choice of radiation therapy and the dose 
administered. Unlike chemotherapy in this 
series, it was not by design. Individual 
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lesions of varying extent suggested certain 
types of therapy while the condition of the 
patient dictated other treatment policies. 
It would appear to be extremely difficult 
in far advanced disease states to perform 
identical surgical procedures on 112 pa- 
tients. Similarly, all patients with the same 
condition are not treated identically med- 
ically. Radiation medicine and radiation 
surgery are likewise no different. 

In many instances accelerated palliative 
radiation therapy to skin tolerance was 
given in an effort to relieve symptoms as 
quickly as possible with the least distress 
to the patient. "Eight days" was selected 
from Paterson’s skin tolerance dose chart?? 
as the most expedient and feasible time. 
The results have been gratifving. Similar 
results appear to have been experienced by 
others.1^ 36 

When grid therapy was emploved in the 
early phases of this series it was felt that 
the lesion could be encompassed satis- 
factorily by this method. This, of necessity, 
required high skin doses at slower rates and 
longer treatment times. Good results with 
this method in terms of subjective response 
and survival should not be attributed to 
the use of the grid alone but to the time- 
dose relationship and fractionation since 
equal results and survivals were obtained 
in this series with the open port and some- 
what similar dose schedules. 

Why the то patients (Table т, sub-group 
v) who were treated over comparatively 
long periods to high total doses with no 
associated objective responses showed 
longer survival periods cannot be explained 
adequately. Since no particular cytologic 
pathology predominated in this group, it 
is presumed to be related to better treat- 
ment tolerance, less pneumonitis and pul- 
monary fibrosis, and to time-dose treat- 
ment patterns which permit the highest 
tumor doses possible. 

Many authors calculate survival time 
from onset of symptoms to death. This is 
a vague procedure and becomes particu- 
larly confusing years later when review and 
tabulation are attempted. Some authors 
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use dates of admission to the hospital, or 
dates of initiation of treatment as the 
beginning of the survival period. Ochsner” 
estimates an average delay of 8.7 months 
from the onset of first symptoms until 
definitive therapy. This then clearly adds 
to the survival time. In this series because 
of the large disparity between treatment 
times it was felt that the survival time 
should be measured from the date of com- 
pletion of therapy. Despite this “shortened” 
survival time of the patients, the survival 
rates compare favorably with most re- 
ported. 

Of interest in these patients is the fact 
that the group receiving radiation therapy 
alone had the least morbidity and the best 
mean survival times with little correlation 
of objective and subjective responses. If 
improved results with orthovoltage therapy 
are to be obtained, the indications are that 
higher tumor doses must be given. 

No statement can be made from patient 
treatment observations concerning im- 
provement of the therapeutic ratio. This 
series does present, however, some evi- 
dence to suggest that combined radiation- 
chemotherapy improves objective and sub- 
jective responses in some patients with 
bronchogenic carcinoma. 

As а greater variety of new drugs be- 
comes available, further improvement in 
combination therapy should be possible. In 
following the theme and proposals of the 
Fourth National Cancer Conference,’ it is 
hoped that more extensive trials of com- 
bined radiation-chemotherapy, including 
preoperative use, will be instituted. 


SUMMARY 


One hundred and twelve patients with 
advanced bonchogenic carcinoma were 
treated with three modalities; namely, 
radiation therapy alone (Group 1), radia- 
tion therapy plus nitrogen mustard (Group 
п), and radiation therapy combined with 
amethopterin and actinomycin D (Group 
111). Of the patients subjected to radiation 
therapy alone using either rapid palliative 
therapy to skin tolerances or long term 
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large total doses, 17 per cent showed objec- 
tive and 31 per cent subjective responses. 
Of the patients receiving radiation therapy 
plus nitrogen mustard, 53 per cent showed 
objective and 60 per cent subjective respon- 
ses. Of the patients treated with radiation, 
amethopterin and actinomycin D in com- 
bination, 64 per cent showed objective and 
74 per cent subjective responses. The 50 
per cent survival time for Group 1 is five 
months, for Group 11 four months, and for 
Group 111 two months. In addition, it was 
noted that radiation in combination with 
chemotherapy induces augmented but us- 
ually reversible toxicity to the gastroin- 
testinal, hematopoietic, and dermatologic 
systems. 


Leslie L. Alexander, M.D. 
450 Clarkson Avenue 
Brooklyn 3, New York 
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SIALOGRAPHY OF THE SUBMAXILLARY 
SALIVARY GLAND 


A NEW TECHNIQUE 


Ву S. GORDON CASTIGLIANO, M.D., 


PHILADELPHIA, 


IALOGRAPHY is regarded as a signifi- 

cant diagnostic aid in afflictions of the 
parotid and submaxillary salivarv glands. 
The technique for parotid sialography is 
standardized to a considerable degree and 
the results are uniformly good in competent 
hands. However, when submaxillary gland 
sialography is performed, even bv skilled 
operators, failure is the frequent, if not the 
usual, result. This can be traced to the 
anatomic peculiarities of Wharton's duct, 
which is normally tortuously situated in its 
bed in the floor of the mouth (Fig. 1 and 2). 
The parotid duct also has a similar ten- 
dency toward tortuosity; however, in paro- 
tid sialography the tortuous course of the 
duct is ironed or stretched out bv firm 
forward manual traction of the cheek. The 
traction straightens out the duct and allows 
for easy introduction and passage of a 
blunt-tipped needle, cannula or small 
catheter without impingement against the 
wall of the duct and the resultant accord- 
ioning of the duct. 

When performing submaxillary salivary 
gland sialography the disposition of the 
anatomic parts does not allow for traction 
of Wharton's duct. It is chieflv for this 
reason that sialography of the submaxillary 
system frequently fails. It is true that 
special skill and an assiduous desire to 
succeed increases the incidence of success, 
but often after a reasonable trial the effort 
is abandoned. 


METHOD 
The purpose of this presentation is to 
describe a relatively simple method by 
which to straighten Wharton’s duct and 
thereby achieve uniform success in sub- 
maxillary duct sialography. The only way 
that this can be done is by direct traction 
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A cut 
distal to 
opening 





Fic. т. Diagrammatic sketch showing the normal 


tortuous course of the submaxillary gland. 


of the duct by a forceps (Fig. 2, 3 and 4). 
A few drops of 2 per cent novocaine with 
epinephrine are injected into the periductal 
tissues corresponding to the distal 2.5 cm. 
portion of the duct. The duct is then 
grasped near its end by a mosquito forceps 
and stretched. The taut duct at a point 
about т cm. proximal to its terminal open- 


ing is cut transversely about half-way 
through. This large patulous opening is 


easily sounded for an adequate distance 
by a small probe. A cannula or small 
catheter 1s then introduced through the 
opening and inserted 2 to 3 cm. or more, so 


as to prevent reflux of the radiopaque 
Various 


material. modifications of this 


Duct cut with 
| needle in place 


Contrast | 
| 






Fic. 2. Diagrammatic sketch showing the needle in 
the duct which is straightened by traction with 
forceps. 


385 


386 


9 Tongue and 
wes duct pulled 
out 





Vic. 3. Diagrammatic sketch demonstrating the duct 
retracted forward by a mosquito forceps and the 
needle placed in the cut duct. (The needle is not 
introduced through the normal opening at the end 
of the duct.) 


technique have been tried; however, the 
method described here has proved to be the 
most practical. 

Over £o submaxillary duct sialographies 
have been performed without adverse com- 
plications. Obstruction of the duct did not 
occur and no postprocedure discomfort was 
experienced. After completing the proced- 
ure it has been the author's practice to 
prescribe the sipping of lemon juice fre- 
quently for about seventy-two hours. The 
patient is also advised to chew gum. Fol- 
low-up roentgenograms are advisable with- 
in five days to one week in order to check 
the emptying of the duct system. 


SUMMARY 


I. A new technique for the performance 
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Cut duct 


Fic. 4. А. Enlargement of the circled area in Figure 3. 
Note the needle entering the lumen of the duct 
distal to its normal opening. À small transverse 
incision exposes the lumen. 


of submaxillary duct sialography is de- 
scribed. 

2. With this technique a larger opening is 
obtained for the easy introduction of the 
cannula. 

3. The technique allows necessary trac- 
tion for straightening Wharton's duct and 
thus passage of the cannula without accord- 
ioning the duct is possible. 

4. The procedure is without complica- 
tions. 


229 North 33rd Street 
Philadelphia 4, Pennsylvania 
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DETAIL VISIBILITY IN RADIOGRAPHS: AN EXPERI- 
MENTAL AND THEORETICAL STUDY OF GEO- 
METRIC AND ABSORPTION UNSHARPNESS* 


By К. ROSSMANN, Pu.D. 


ROCHESTER, NEW YORK 


Г A previous paper? the photographic 
density distribution across the radio- 
graphic image of a cylindrical object was 
calculated for an idealized situation, viz., 
parallel, monochromatic radiation without 
scatter. It was demonstrated mathemati- 
cally that the density gradient at the edge of 
the image is a function of the geometric 
configuration and the absorption coeffi- 
cients of the object and its surroundings, as 
well as the contrast of the radiographic 
film. More specifically, it was shown quan- 
titatively that, even in the absence of 
geometric, screen and movement unsharp- 
ness, the partial absorption of x-rays in the 
object resulted in a lower density gradient 


'at the edge of the radiographic image than 


would be obtained with a totally absorbing 
object. In accordance with results obtained 
from an investigation of photographic 
images,! we assumed that, for radiographic 
images also, image sharpness is a function of 
density gradient and we designated the 
subjective impression caused by this lower- 
ing of the density gradient as “absorption 
unsharpness." 

Although this study served well as an 
introduction to the quantitative under- 
standing of the well-known experimental 
phenomenon of absorption unsharpness, it 
was quite unrealistic because parallel (point 
source at infinity), monochromatic radia- 
tion without scatter was assumed for the 
derivation of the equations. In the present 
investigation we shall take into considera- 
tion the fact that, in practice, we encounter 
diverging radiation emanating from a 
source of finite size which may be situated 
at an arbitrary position relative to the 
object. Since scatter-free, monochromatic 


radiation can be approximated experimen- 
tally, as will be shown, it has been possible 
to test the theoretic results by experiment. 


THEORY 
А. CYLINDRICAL OBJECT 


Consider a point source of monochro- 
matic penetrating radiation placed at a 
finite distance D from a partially absorbing 
object with a circular cross section of 
radius R, as shown in Figure 1. The object 
with linear absorption coefficient и is em- 
bedded in a medium having negligible 
absorption (air) and is placed a distance d 
above the film plane. The source is dis- 


SOURCE 














X 


Fic. 1. Point source of x-rays and cyclindrical object. 


* Communication No. 2152 from the Kodak Research Laboratories, Eastman Kodak Company, Rochester, New York. 
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Fic, 2. Extended source of x-rays and 
cylindrica! object. 


placed a distance x, from a line perpendicu- 
lar to the film plane through the center of 
the object. If x is a linear co-ordinate 
measured in the film plane perpendicular to 
the axis of the cylinder, the radiation in- 
tensity arriving at any point x in the film 
plane is given by 


Jide, (1) 
where J, is the intensity at x in the absence 
of the partially absorbing object and y is 
the length of the absorbing path within the 
object. Note that we have assumed that 
the dimensions involved are such that the 
variation of Го with the distance from the 
source, as the point х is moved along the 
film plane, can be neglected and that the 
contribution to J, br radiation scattered 
in the object is negligible. 

The absorbing path length у(х) can best 
be found with the help of polar co-ordi- 
nates. Let the point source be the origin of 
a polar co-ordinate system (r, 9), as indi- 
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cated in Figure 1. Then the equation of the 
circular circumference of the object is 


r—arr, cos (0— 0.) +r2= № 


(2) 


where (ra 8.) are the co-ordinates of the 
center. This is a double-valued function of 
r; i.e., for a given value of 0 two values, 7; 
and rs, of r result. Then the length y of the 
absorbing path in the object is given by 
if ry > Fs, (3) 
as can be seen from Figure т. Solving equa- 
tion (2) for r, we find 


түт 


Tis л, cos (0—6,) 

+ [7.2 cos? (6—6) — (2 — R2)]u? 
and it follows from equation (3) that, for 
any value of 0, 

у= 2 [7,2 cos? (@—0,) — (re R2) uz, 
which can be written 


у= 2[R* — r? sin? (0— 9.) |, (4) 


In order to test this equation experimen- 
tally, it is more convenient to express y in 
terms of the linear co-ordinate x. Using the 
identity 


sin (0—6,) = sin 0 cos 0,— cos @ sin Bey 


in conjunction with the following equations 
found from Figure 1, 


D+aR+d nM 
COS s e sin @= —— 
L А 

R+D : / 
COS 0, = eee кыра ; sin 0, = Өө 
Pe P. 


with 
l= [x*4- (D4- 2R- pus 
rom [eet (REDS 


and substituting into equation (4), we 
obtain 
fo, [X(R+D)—x.(D+2R4a) PF) so 
у=? \ ся ав Wr аа : (5) 
+ CD4-2 R 4-4)? 


This ts the expression which is to be 
substituted into equation (1) for the calcu- 
lation of the intensity distribution in the 
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film plane. Thus we can write implicitly 
I=, (6) 


It will be recalled that equation (5) is 
valid only for a single point-source. In order 
to determine, in a rigorous manner, the 
intensity distribution in the film plane due 
to a source of finite size, an integration over 
the area of the source would have to be 
performed. However, the calculations can 
be simplified by applying the following ap- 
proximations. 

Let us consider the extended source to be 
made up of an infinite number of line 
sources. The gross aspects of the relative 
intensity distribution in the film plane can 
then be described by means of one of these 
line sources / which 18 oriented perpendicu- 
lar to the edge of the object under inves- 
tigation, and situated in the plane formed 
by the perpendicular to the film plane and 
the line along which the intensity is to be 
measured. The influence of the remaining 
line sources, not lying in this plane, on the 


relative intensity distribution would be of 


secondary importance. However, this still 
leaves the difficult task of integrating 


£y 
pers jf giro re) ql] 
] Jan 


with y(x,x.) given by equation (5). The 
following approximation will eliminate this 
difficulty. 

If the source of finite length /is separated 
from the object by a distance such that the 
resulting geometric unsharpness cannot be 
detected bv the observer, we will regard the 
source as a point source and use equation 
(5). Applying this basic approximation to 
the case of a source of length / at an arbi- 
trary distance D from the object, we calcu- 
late what elementary length A/ contained 
in / would give geometric unsharpness 
which is just not detectable by the observer 
and substitute a point source for this ele- 
mentary length AZ. If this is done for every 
elementary length A/ contained in /, the 
line source / is replaced by a finite number 
of point sources separated by distances AZ, 
as shown in Figure 2. Closer study of Figure 
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2 will reveal that, for each point ee 
equations similar to (5) and (6) apply. In 
particular, for two point sources we have, 
for the intensity distribution in the film 
plane, 


I=} \ехр[—иу(х—1/, х,—1/)] 
exp [-uy(-- E, x -10]] (7) 
and for three point sources, 
T=\Uolexp [—ну(х—1/, x.—3)] 
+exp [—uy(x, x.) | 
+ехр [—иу(х-+Е1/, x 30]]. — (8) 


It should be noted that we have assumed 
that the variation of absorption unsharp- 
ness with the size of the source is not 
greater than the variation of geometric 
unsharpness. The good agreement with 
experimental results shows that this as- 
sumption is justified within the limits of 
experimental error. 

It is not sufficient to describe the radio- 
graphic image in terms of the x-ray inten- 
sity in the film plane (equations 5-8). The 
response of the observer depends on the 
film density and contrast which are, in 
turn, related to the x-ray intensity by way 
of the characteristic curve of the film. Thus 
the image characteristics depend on the 
type of film used and on the development 
conditions; in short, on any phenomenon 
which affects the shape of the characteristic 
curve. We can write in general 


D-f(E) =Q), (9) 


where the functional relationship is given 
by the characteristic curve of the film. 
Substitution of equations (5)-(8) in equa- 
tion (9) yields the density distribution in 
the image. 


B. PLANE PARALLEL PLATE 
The fact that diverging radiation 18 
taken into account makes it possible to find 
the absorption unsharpness of a plane 
parallel plate situated at an arbitrary posi- 
tion relative to the source of penetrating 
radiation. 


Let us replace the cylindrical object 
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SOURCE 




















Fic. 3. Point source of x-rays and plane 
parallel plate. 


discussed in the previous section by a plane 
parallel plate of thickness /, as shown in 
Figure 3. Then the length y(x,x.) of the 
absorbing path within the plate can be 
found as follows: From Figure 3 it is seen 
that 


x 51 Я Я А 
po яуа. 


Eliminating sı from these equations, we 
obtain 


H 
м=-———— [40244-5 ) 
у zorpb tee DI if x (10 


with 


х= ( d Ра ) 
ау 1) xe. 


Also from Figure 3, we have 
Yer YT— Yo (11) 


and 
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49 m D+t+d 


-; da (x == Me)? = Vy" 


NN, x 
and eliminating у» we obtain 
Xe\ | ы, 
y= ( e ) [HDHH] (10) 
XY 
Now 
t+d D+i+d А Є 
-———ж---————; 724 (i+ d) 2 = у 


$3 X 


to 


T 


so that, eliminating уз, 


ут c [3-- (рУ) 19°. (13) 
And, from equations (11)-(153), 
Xe itd 
йэ р тч) d 


рр), if x2 X 


jn 


Equations (10) and (14) are to be sub- 
stituted into 


with 


d 
X= | ———— 
5; i 


[= Iye bu 20) 


to find the intensity distribution in the film 
plane. 

Applying the same arguments presented 
for the case of the cylindrical object, these 
results can be extended to include geo- 
metric unsharpness due to a source of finite 
length. From Figure 4 it is seen that the 
intensity at points xı and xs due to a source 
of length /= 24/15 


Ia = 4l exp [ux M, х.) | 
+ехр [ауа х1) |). 
Г. = 31| ехр [7as(5 210 х. 0) | 
+ехр [ае set) ]] 


Similarly for three point sources, 


L7 Mytexp [72,03 M, хо 34) 
+exp [— aya, xo) | 
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-Fexp [—aye(mtH, x12] | : (16) 


La Mo | ехр [uvis = 34 Хет 32) | 
+exp [—дуь(ху, хе) | 
+ехр [~ uyl +H} x +44 |}. 


These equations in conjunction with equa- 
tion (9) will give the density distribution 
in the image. 


EXPERIMENTS 


The radiographic objects used to test the 
theoretical expressions derived in the pre- 
vious sections were: an aluminum cylinder 
having а 2 inch diameter and an aluminum 
plate $ inch thick. Both objects had care- 
fully machined, smooth surfaces. They 
were irradiated with strongly filtered 100 
kv. x-rays emanating from a 4.$X4.5 
mm.? focal spot. With the help of a tech- 
nique described by Seemann and Mac- 
Gillivray;? it was ascertained that a filter of 
copper, 3 mm. thick, placed between the 
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Fic. 4. Extended source of x-rays and plane 
parallel plate. 
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Fic. 5. Positioning of focal spot P. 


x-ray tube and the object resulted in nearly 
monochromatic* radiation and thus in a 
constant value for the linear absorption 
coefficient of the aluminum, и=о.бї cm.~! 
Since the amount of scattered radiation 
reaching the film from the object is a func- 
tion of, among other factors, the irradiated 
volume and the distance between object 
and film, the objects were placed 1 inch 
away from the film and were shielded with 
a lead diaphragm so that an area of only 
i by $ square inch was exposed to the radia- 
tion. Under these conditions it was found 
that the intensity of scattered radiation 
reaching the film was about 4 per cent of 
the primary radiation intensity. Thus the 
condition of monochromatic radiation with- 
out scatter, which was the basis for the 
theoretical derivations, was nearly satisfied. 

The position of the focal spot relative to 
the object was determined by the following 
method. As indicated in Figure 5, a rec- 
tangular co-ordinate system formed by 


* The filtered radiation is “monochromatic” or 'monoenerget- 
ic" only to the extent that additional filtration would not result 
in a different value for u. This depends, of course, on the accuracy 
of the experiment. The relatively narrow band of wave lengths 
penetrating the filter under these conditions is often called 
"homogeneous" radiation. 
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Vic. 6. Microdensitometer tracings across image of 
cylinder ("noise" smoothed out). @ Calculated 
values. x, 3.0 inches; Da = 62.5 inches; Dg = 31.25 
inches; Dc = 20.80 inches. 


copper wires was affixed to a film cassette, 
and a small piece of lead shot was sus- 
pended on a thread at à point P* close to 
the actual position P of the focal spot. The 
lead shot and the origin of the co-ordinate 
system were made to coincide and the lead 
shot was then raised to a known distance 
s above the cassette. After an x-ray exposure 
of this arrangement had been made, the 
position of the focal spot relative to the 
co-ordinate system could be calculated 
from the relative positions of the images of 
the wires and the lead shot, as shown in 
Figure 5. Now the focal spot was placed a 
constant horizontal distance x, from the 
test object (cylinder or plate) and exposures 
were made at three vertical distances D 
corresponding to the approximations of one, 
two and three point-sources discussed in 
the theory. 

The images were recorded on Kodak 
Industrial X-ray Film, Type M, from which 
one emulsion was removed to minimize the 
effect of parallactic unsharpness due to the 
thickness of the film base, and to facilitate 
accurate tracing of the image with a micro- 
densitometer. Over the limited density 
range encountered in this experiment (о.9- 
1.9), the response of single-coated Type M 
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film can be described by 
D=KE+C 
so that equation (g) becomes 
D= Ке С. (17) 


The resolution of the microdensitometer 
was adjusted so that the instrument could 
not detect the geometric unsharpness when 
the focal spot was at the maximum distance 
from the object. 


RESULTS 

Figures 6 and 7 show the microdensitom- 
eter tracings obtained from the radio- 
graphic images of the cylinder and the 
plane parallel plate, respectively. The trac- 
ings have been smoothed out to eliminate 
"noise" due to the granularity of the film. 
The points on the curves are the calculated 
values of density at distances x measured 
to the perpendicular from the film plane to 
the focal spot. Thus it is seen that theory 
and experiment are in good agreement. An 
actual microdensitometer tracing similar to 
curve C in Figure 7 has been reproduced in 
Figure 8 in order to give an indication of 
the general noise level. 

Proceeding from right to left in each 
figure, we note that the curves correspond 
to decreasing vertical distances D between 
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Fic. 7. Microdensitometer tracings across image of 
plane parallel plate ("noise" smoothed out). 
€ Calculated values. x,—4.0 inches; D4- 75.0 
inches; Dg = 38.25 inches; De= 25.50 inches. 
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focal spot and object. The horizontal dis- 
tance x, between the object and the perpen- 
dicular from the film plane to the focal spot 
was held constant. Thus the curves show 
how the radiographic image is shifted in 
the film plane as the position of the object 
relative to the focal spot is changed. 

Furthermore, it is seen from Figures 6 
and 7 that the partial absorption of x-rays 
in the object causes a continuous change of 
density in the image, and a decrease of the 
densitv gradient at the edge as compared to 
the infinite gradient which would give the 
impression of perfect sharpness. The mag- 
nitude of this decrease depends on the 
position of the object relative to the focal 
spot. The density distributions shown in 
the figures result in an image unsharpness 
which increases from right to left. 

These results indicate that the theoreti- 
cal equations derived in this study provide 
a satisfactory explanation of the physical 
factors entering into the appearance of 
absorption and geometric unsharpness in 
radiography. Therefore, it will be permis- 
sible to use these equations in future inves- 
tigations regarding the objective evalua- 
tion of radiographic image quality. 

Research Laboratories 
Eastman Kodak Company 
Rochester 4, New York 

The author is grateful to Dr. H. E. Seemann, 
for helpful discussions, and to Dr. E. W. 
Marchand, for critical reading of the theoretical 
section. 
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DUPLICATION OF ROENTGENOGRAMS BY 
SOLARIZATION* 


By JOSHUA А. BECKER, M.D., and DEWEY Р. BLACKSTONE, R.T. 


PHILADELPHIA, PENNSYLVANIA 


HE duplication of roentgenograms by 

solarization is an old technique and 
has been brought to the attention of ra- 
diologists in the past.'^? However, we are 
impressed that so few radiologists are aware 
of this very simple method for the adequate 
reproduction of roentgenograms. 

Many radiologists have found Log- 
Etronic reproductions objectionable be- 
cause of the alteration in the tonal quality 
and the necessity of maxing an intermedi- 
ate copy so that the final reproduction will 
be “negative,” as is the original roentgeno- 
gram. Also, the initial cost of the equip- 
ment is considerable. In contrast, the 
duplication of roentgenograms by solariza- 
tion can easily be done by anvone with a 
minimum of equipment and the reproduc- 





tion will be an almost exact duplicate of the 
original (Fig. т, Æ and B). 


EQUIPMENT AND METHOD 


The equipment needed is: (1) a 14X17 
inch printing frame; (2) a reflector flood 2 
(standard photoflood); (3) a goose-neck 
lamp; (4) x-ray film, any brand; and (4) 
standard x-ray film processing equipment. 

The procedure is quite simple and can be 
done in a dimly illuminated room. A sheet 
of x-ray film, the same size as the original, 
is pre-exposed by flashing it with the reflec- 
tor flood for 1 second. The original roent- 
genogram is placed in the printing frame 
and the pre-exposed film is placed in con- 
tact with it. The pressure back is firmly 
secured to assure good contact between the 


Fic. 1, C4) The solarized copy is almost a perfect reproduction of (B) the original roentgenogram. Inspection 
of the chest roentgenograms is necessary to identify the copy and the original, 


* From the Department of Radiology, Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania. 
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two sheets of film. The exposure is then 
made. We have found that at a 5 foot 
source-to-frame distance exposure times 
vary between 10 and 60 seconds. The film 
is then processed in standard x-rav film 
solutions. The developing time should be 
approximatelv one-half the recommended 
full development time. Under-development 
helps to reduce contrast, which is enhanced 
by any copying technique. Processing can 
be done in dim white light. 

The film used for the reproduction can be 
a "ruined" x-ray film, i.e., exposed and un- 
developed film. The explanation of this lies 
in the principle of solarization. The log 
exposure curve of film that radiologists are 
familiar with is actually incomplete. After 
reaching maximum density (blackness), 
the curve returns to minimum density 
(whiteness). Therefore, a "ruined" film, 
being pre-exposed to the maximum density 
level, is equivalent to a fresh film pre- 
exposed to the maximum density level, 
since any pre-existing image is "wiped 
out." 

Also, from this exposure curve, if the 
exposure is incorrect for the reproduction, 
to make the copy lighter the time of expos- 
ure must be increased, and the reverse is 
true to make the copy darker. 

A precaution of great importance Is care- 
ful handling of the film. Minimal bending of 
the film used for the reproduction. will 
cause objectionableartefacts that would not 
have appeared with standard roentgeno- 
graphic exposures. 

We have utilized an adjunctive tech- 
nique to predetermine exposure time. À 
densitometer is emploved to scan the area 
of interest on the roentgenogram. Then by 
trial and error a standard curve of exposure 
time versus density is drawn and this is 
used in predetermining exposure times for 
future copies. A separate curve for chest 
roentgenograms has been found necessary; 
all other regions are well incorporated in a 
single curve. This procedure is not abso- 
lutelv necessary, since the inherent prin- 
ciple on which the technique is based 
permits great latitude of exposure and 


Duplication of Roentgenograms 





Fic. 2. (4) The solarized copy shows some loss of 
fine trabecular pattern, as compared to (В) the 
original hand roentgenogram. However, the copy 
is quite acceptable. 


acceptable copies can be obtained with ap- 
proximate exposures. 

We have found, using a rapid film proces- 
sor (Pakorol-X), that four times the usual 
exposure for duplication is necessary for 
adequate copies. 

The duplicate roentgenograms have more 
contrast than the original and, although 
they do show a slight reduction in sharpness 
this has not detracted from their diagnostic 
worth (Fig. 2, Z and B). The loss of sharp- 
ness is the result of the double emulsion of 
the x-ray film. The image is diffused by the 
support of the film before it reaches the 
second emulsion. A single emulsion film is 
available (Gevaert) that should produce 
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RADIATION REGISTRY OF 


N A recent editorial in this Journal, 

which dealt with the leukemogenic and 
cancerogenic effects of radiation, the opin- 
ion was expressed that long-range, carefully 
compiled, statistical analyses represent im- 
portant contributions to the study of these 
effects and that further extensive investiga- 
tions of all aspects of the radiation hazards 
are necessary. 

It was pointed out that, as regards the 
leukemogenic effect, the evidence has been 
drawn chiefly from two fields of observa- 
tion, both of which apparently have estab- 
lished a positive correlation between in- 
cidence of occurrence and irradiation: 
firstly, the Hiroshima atomic bomb sur- 
vivors; and secondly, the ankylosing spon- 
dylitis radiotherapeutic series. 

There is a third field of leukemogenic 
effect which received considerable atten- 
tion in the literature, z.e., the occupational 
exposure of radiologists to roentgen rays 
and other ionizing raciations. However, the 
material on this subject is rather inconclu- 
sive and to some extent controversial. 
Warren,’ for instance, found that for the 
period of 1950-1954, the death rate from 
leukemia for all physicians in the United 
States was about three times that for the 
adult population and that a definitely 
higher percentage was noted in radiologists. 


In the period 1930-1954, 0.63 per cent of 


the deaths from specified causes were due to 
leukemia in nonradiologists as against 2.7 
per cent for all specialists in contact NA 
radiation and 3.65 per cent for radiologists. 
During the same time, the mean age of non- 
radiologists dying from leukemia was бо 
years, as against 55.8 years for radiologists. 

i Levevria, T. 
radiation, Ам. J. ROETGENSL., 
MED., 1961, 85, 989-994. 


? Warren, S. Longevity and causes of death from irradiation 
in physicians. 7.4. M.d., 1955, 762, 464—468. 
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Leukemogenic and cancerogenic effects of 


PHYSICIANS 


In the studv of the deaths of the entire 
group of 82,441 physicians, it was found 
that radiologists died on the average 5.2 
years earlier than did other physicians. 
March, in a recent report,® which is an ex- 
tension of two former ones published in 
1944 and 1950, states that the incidence of 
death from leukemia during the decade of 
1949 to 1958 in the United States was about 
four to five times greater in radiologists 
than in nonradiologic physicians. This is 
approximately one-half the differential that 
existed during the preceding two decades. 
March anticipates that with improved pro- 
tection this differential will tend to diminish 
still further, but will not entirely disappear. 
On the other hand, Court-Brown and Doll,‘ 
in a study of 1,377 living and dead male 
radiologists of f Great Britain for the 60-year 
period of 1897 to 1956, found only 3 deaths 
from leukemia, 2 of which occurred prior 
to 1921. This is less than the expected num- 
ber of 0.3-0.5 in the general population of 
similar sex, age and social class distribution 
prior to 1921, and of 0.7-0.9 after 1921, al- 
though the incidence of leukemia is known 
to have generally increased since then in 
Great Britain. The Medical Research 
Council of Great Britain in its First Re- 
port issued in 1956, in referring to the 
American radiologists states, "that there 
may well be an increased death rate from 
leukaemia among American physicians as a 
whole, compared with the general popula- 
tion, and Jn particular among American 
radiologists, but it 1s not possible to esti- 


з Marcu, Н. C. Leukemia in radiologists, ten years later; with 
review of pertinent evidence from radiation leukemia. „э. ў. 
Med. Se., 1961, 242, 1377149. 

4 Соскт-Впокк, W. M., and Dorr, К. Expectation of life and 
mortality from cancer among British radiologists. Ariz, M. Fa 
1958, 2, 181—187, 

* The Hazards to Man of Nuclear and Allied Radiations. The 
Medical Research Council, June, 19:6, Cmnd, g780, Н. M, Sta- 
tionery Office, Atlantic House, Holborn Viaduct, London, E.C, 1, 
England (Price 55, 6d net). 
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mate the extent of the increase with any 
certainty.” In its Second Report issued in 
1960° it adds that, even for the sources cited 
above, "the risk of developing leukaemia as 
a result of exposure to radiation may be 
somewhat less than we assumed in 1956.” 

The leukemogenic effect, of course, rep- 
resents only one facet of the long-range 
radiation hazards, but the vast literature 
which already has accumulated on it illus- 
trates poignantly its tremendous impor- 
tance, especially as it concerns statistical 
documentation in our time. Other facets, as 
for example, the cancerogenic effect of 
radiation on the non-protected skin or the 
development of bone sarcoma due to in- 
ternal over-irradiation by absorbed radio- 
active substances in the watch dial painters, 
have found their positive interpretation in 
the past and resulted in the introduction of 
proper measures to prevent them. Still 
other facets, such as the study of less fre- 
quent specific conditions, like the ma- 
lignant neoplasms of the thyroid and thy- 
mus; a careful appraisal of the reproductive 
history with the possible first generation or 
later congenital anomalies; and the proper 
interpretation of the much debated genetic 
heritage, areofimmeasurable importance to 
the future and undoubtedly will need accu- 
rate scientific documentation beyond our 
unforeseeable time. 

'The American College of Radiology, fully 
realizing the implications of these problems 
and their impact on the welfare of mankind, 
has now initiated a long range study, con- 
ceivably extending into several generations, 
in which the radiologists, who have always 
been in the vanguard of pioneering and in- 
creasingly fostering protection against 
radiation hazards, will play the major role. 

This study, in the form of a Registry, 18 
sponsored by the National Academy of 
Sciences-National Research Council and 
will be supervised by a specially selected 


є The Hazards to Man of Nuclear and Allied Radiations. A 
Second Report of the Medical Research Council, Dec., 1960, 
Cmnd, 1225, Н. M. Stationery Office, Atlantic House, Holborn 
Viaduct, London, E.C.1, England (Price 7s. od net}. 

т Radiation effects to be studied; new investigation seeks to 
find any effects, if any, of radiation on lives of radiologists and 
their children. Your Radiologist, 1961, 5, No. 2, 375. 
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committee composed of members from the 
Council, the American College of Radi- 
ology, the College of the American Path- 
ologists and the epidemiologists in charge of 
processing the data. It is extremely for- 
tunate that the pathologists, who have 
always been of immeasurable aid in ap- 
praising the manifold radiation reactions 
produced and in guiding the radiologists to 
establish accurate dosage levels, have now 
been chosen to act as a "control" group in 
the study of the effects of various amounts 
of radiation on radiologists and in par- 
ticular the effects of minimal exposure over 
a long period of time. 

Recently, the American College of Radi- 
ology has sent to all members of the College 
a questionnaire form, which will serve as 
the basic document of the Registry. The 
strictest safeguards are being maintained 
and, to insure that the answers given will 
remain confidential, a code number is as- 
signed to each participant so that the name 
need not appear on the questionnaire. The 
completed forms will be filed under lock and 
key in the office of the College. 

A similar questionnaire is being sent to 
all members of the College of the American 
Pathologists. 

The data of the questionnaires will be 
transferred to anonymous number IBM 
cards which then will be sent to Dr. Ray- 
mond Seltzer and Dr. Philip E. Sartwell of 
the School of Hygiene and Public Health, 
Johns Hopkins University, for processing. 
These cards cannot be released to anyone 
without the prior consent of the Colleges. 

It is anticipated that the two sets of 
statistics—those for the radiologists and 
those for the pathologists—will yield in 
time extremely valuable comparative infor- 
mation which when placed in proper per- 
spective will prove of unusual benefit to 
mankind. To obtain the highest degree of 
validity in this endeavour, the cooperation 
of every member of the two Colleges is 
earnestly solicited. The Executive Council 
of the American Roentgen Ray Society ex- 
presses support of the objectives of this 
study and the operating procedures estab- 
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TENTH INTERNATIONAL CONGRESS 
OF RADIOLOGY 


The scientific program for the Tenth 
International Congress of Radiology which 
will be held in Montreal, Canada, August 
26th-September Ist, 1962, will include 
thirty symposia and thirty general sessions 
arranged in sequence developing discus- 
sions of the general subject matter which 
was announced in the Preliminary Program 
issued in June 1961. 

The titles for these symposia will be: 

Diagnostic Radiology: Selective angi- 
ography (a) abdominal zorta, (b) coronary 
circulation, (c) cerebral circulation; renal 
disease including associated systemic 
changes; cineradiography; pediatric radi- 
ology; neuroradiology. 

Therapeutic Radiology: Advances in 
knowledge of radiation effects on tissues 
of vital viscera in humans; clinical cancer 
therapy; clinical treatment planning; inter- 
stitial and intracavitary radiation therapy; 
clinical results of high energy radiation 
therapy; metabolized radioisotopes in 
therapy. 

Radiation Physics: Concepts, quantities 
and units for radiation dosimetry; physical 
concepts in dosimetry; dosimetric meth- 
ods; whole body counting and scanning. 

Radiation Biology: New knowledge of 
the cell and its functions as derived by 
autoradiography; experimental studies of 
total body irradiation, marrow transplanta- 
tion; toxicity and dose distribution of in- 
ternal emitters and chemical protection 
against radiation. 

Combined Symposia: Effects of radiation 
at the cellular and sub-cellular levels; 
clinical application of radiobiology at cel- 
lular and sub-cellular levels; high energy 
external beam therapy; total body irradia- 
tion and marrow transplantation at the 
clinical level; localization by isotope meth- 
ods; external localization by radioisotope 
scanning; image amplification; dose in 


diagnostic procedures; genetic and somatic 
implications of radiation and radiation pro- 
tection. 

These will include a number of joint pro- 
grams devoted to special topics in which 
two or more of the general fields of diag- 
nosis, treatment, physics and biology have 
interests in common. 

Simultaneous translation in the four 
official languages will be provided for the 
symposia, which are being especially 
planned to cover developments duri ng the 
last three vears. 

The papers proffered for the general ses- 
sions will be selected insofar as possible to 
form groups of common or related interest. 

Radiologists, radiation physicists and 
radiobiologists, who intend to attend the 
Congress and especially those who wish to 
proffer scientific papers, scientific exhibits 
and scientific cine-films, are urged to com- 
plete the enrolment forms and other docu- 
ments pertinent to such scientific communi- 
cations at the earliest possible date. 

Although the Congress Secretariat has 
attempted to reach all medical radiologists, 
radiation physicists and radiobiologists as 
well as other interested scientists who are 
known to various scientific societies around 
the world and has issued over 17,000 copies 
of the Preliminary Program, individuals 
who wish to attend and particularly those 
who desire to proffer such material but who 
have not received a Preliminary Program 
with the appropriate forms are invited to 
write to the Secretary-General, Tenth 
International Congress of Radiology, 1555 
Summerhill Avenue, Suite 204, Montreal 
25, Canada. 


NEW OFFICERS OF THE RADIOLOGICAL 
SOCIETY OF NORTH AMERICA 
At the Forty-seventh Annual Meeting of 
the Radiological Society of North America 
held November 26-December 1, 1961, at 
Palmer House, Chicago, Illinois, the follow- 
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ing officers were elected: President — 
Charles M. Grav, M.D., Tampa, Florida; 


President-Elect.—]van J. Miller, M.D., San 
Francisco, California; First Vice President 
— John A. Evans, M.D., New York, N. Y.; 
Second Vice President--Maurice M. Has- 
kell, M.D., Long Beach, California; Third 
Vice President-Lester D. Shook, M.D., 
Fargo, North Dakota; Secretary —Maurice 
D. Frazer, M.D., Lincoln, Nebraska; 
Treasurer—Dwight V. Needham, M.D., 
Syracuse, New York; and  Historian— 
Howard Р. Doub, M.D., Detroit, Michi- 
gan. Dr. Robert Р. Barden, Philadelphia, is 
the new Chairman of the Board of Directors. 

The Gold Medal of the Society was 
awarded to Dr. L. Henry Garland of San 
Francisco, California. Dr. Elis Berven of 
Stockholm, Sweden, and Dr. Gioacchino 
Failla (recently deceased) were elected to 
honorary membership. 

The Forty-eighth Annual Meeting will 
be held at Palmer House, Chicago, Illinois, 
November 25-30, 1962. 


COURSE IN DIAGNOSTIC RADIOLOGY 
AT UNIVERSITY OF CALIFORNIA 
SAN FRANCISCO MEDICAL CENTER 
A five-day conference on "Diagnostic 
Radiology” will be held at the University of 
California San Francisco Medical Center, 

March 14-16, 1962. 

The conference, presented by Continuing 
Education in Medicine, University of 
California Extension, 15 planned primarily 
for practicing radiologists. Discussion sub- 
jects are arranged so that each day 15 de- 
voted to one or two major subdivisions in 
the field, allowing physicians to attend lec- 
tures and panels of greatest interest to 
them 

Dr. Ulf G. Rudhe, professor of radiology, 
Tjanste, Karolinska Sjukhuset, Stockholm, 
Sweden, will be a guest faculty member. 


Other visiting faculty, joining the staff of 


the U. C. School of Medicine, include J. 
Scott Dunbar, assistant professor of radi- 
ology, McGill University; Melvin M. 
Figley, professor of radiology, University 
of Washington School of Medicine; Harold 
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C. Jacobson, professor of radiology, Emory 
University; Louis Lichtenstein, clinical 


professor ot pathology and chief of an- 
atomic Patto Veterans Administra- 
tion Hospital, San Francisco; and Harry Z. 
Mellins, professor of radiology and chair- 
man of the department, State University 
of New York. 

Further information and application for 
enrolment may be obtained from Continu- 
ing Education in Medicine, University of 
California School of Medicine, Third and 
Parnassus, San Francisco, California. 


COURSE IN RADIOLOGY AND RADIO- 
ACTIVE ISOTOPES AT THE UNIVERSITY 
OF KANSAS MEDICAL CENTER 

A three-day postgraduate course in 
Radiology and Radioactive Isotopes will be 
given February 19, 20 and 21, 1962 at the 
University of Kansas ` Medical. Center. The 
course is presented by the University of 
Kansas School of Medicine in cooperation 
with The Radiological Society ot Greater 
Kansas City, The Kansas Medical Society, 
The Kansas State Board of Health, aided 
by grants from The Kansas Division, Inc., 
American Cancer Society and The Kansas 
Radiological Society. 

An outstanding guest faculty, selected 
for their teaching as well as clinical abilities, 
has been assembled for this program. Re- 
cent advances in some of the newer devel- 
opments of radiology will be discussed and 
a review of some of the basic problems 
confronting the radiologist and the intern- 
ist will be presented. 

For further. information, please write to 
William D. Nelligan, Executive Director, 
Department of Postgr 'aduate Medical Edu- 

cation, University of Kansas School of 
Medicine, Kansas City 3, Kansas. 


SYMPOSIUM OF TECHNOLOGICAL NEEDS 
FOR REDUCTION OF PATIENT 
EXPOSURE FROM DIAGNOSTIC 

RADIOLOGY 
'The Research Branch, Division of Radio- 
logical Health, United States Public Health 

Service is sponsoring a symposium en- 
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titled, “Technological Needs for Reduc- 
tion of Patient Exposure from Diagnostic 
Radiology.” The purpose of this meeting is 
to evaluate the status of laboratory re- 
search as it applies to this subject. Ap- 
proximately fifteen papers will be given 
which will summarize the state of the art 
and point out future areas for investiga- 
tion. The four main categories which will be 
covered are human and phantom dosim- 
eters, radiographic equipment, fluoro- 
scopic and intensifier equipment, and 
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radiographic grids, screens, and films. Drs. 
H. Wycoff, C. Braestrup, R. H. Morgan, 
and E. W. Webster will act as moderators 
for these sessions. 

The dates of this meeting are March $ 
and 6, 1962. The place is the main audi- 
torium of the Health, Education, and Wel- 
fare Building, Washington, D. C. 

For information and tickets contact: 
M. L. Janower, M.D., Division of Radio- 
logical Health, HEW South Penthouse, 
Washington 25, D.C. 


It is with deep regret that we announce the death of Dr. 
Gioacchino Failla, distinguished scientist and a member of 


the American Radium Society and associate member of the 
American Roentgen Ray Society. Dr. Failla was killed in an 
automobile accident in Chicago on December 18, 1961. 
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Tue Year Book or Raprorocv (1960-1961 
Year Book Series). Edited by John Flovd 
Holt, M.D., Professor, Department of Radi- 
ology, University of Michigan; Walter M. 
Whitehouse, M.D., Associate Professor, De- 
partment of Radiologv, University of Michi- 
gan; Harold W. Jacox, M.D., Professor of 
Radiology, College of Physicians and Sur- 
geons, Columbia University; Chief, Radia- 
tion Therapy Division, Radiologic Service, 
Presbyterian Hospital, New York City; and 
Morton M. Kligerman, M.D., Professor of 
Radiology and Chairman of the Department 
of Radiology, Yale University School of 
Medicine; Director of Radiology, Grace-New 
Haven Community Hospital. Cloth. Price, 
$11.00. Pp. 441, with 305 illustrations. Year 
Book Publishers, Inc., 200 East lllinois 
Street, Chicago, Ill., 1961. 

The current Year Book of Radiology, 1960- 
1961 series, perpetuates this fine annual edition 
to the busy radiologist's library. Its value is un- 
questioned by those who own copies of previ- 
ous series. Between the familiar blue and red 
cover bindings the authors have painstakingly 
packed condensations of hundreds of the most 
significant articles pertaining to this specialty 
from the world medical literature of the past 
year. Those who would keep abreast of the in- 
novations and latest trends in their chosen field 
will find this book hard to put down once the 
first few pages have been perused. 

The authors are unexcelled in their ability to 
produce readable condensations which retain 
sufficient data, including statistics, graphs, 
tables, and roentgenographic reproductions 
where indicated. One seldom needs to refer to 
original articles. Sage editorial comments are 
freely employed with frequent references to 
non-abstracted monographs and to previous 
Year Book editions. 

The usual balance between diagnostic and 
therapeutic subjects has been maintained. Drs. 
Holt and Whitehouse have reviewed both for- 
eign and domestic specialty journals obtaining 
articles of value which few radiologists have en- 
countered. Although no startling innovations in 
technical equipment have appeared, new appli- 


cations have made progress rapid. New arterio- 
graphic and venographic techniques are but one 
example. Cine techniques have been extended 
to all portions of the gastrointestinal tract. 

Drs. Jacox and Kligerman have surveyed the 
significant foreign and domestic reports re- 
lating to radiation therapy, radiobiology, 
physics, hazards, and injuries. They have con- 
centrated on reports dealing with very large 
series of cases. Even the experimental material 
reviewed should be of general interest to the 
average radiologist. 


Аксн Н. Hatt, M.D. 


NgunoRADIOLOGY WomnksHoe. Vol. I. Scalp, 
Skull and Meninges. By Leo M. Davidoff, 
M.D., Active Consultant Neurosurgeon, 
Montefiore Hospital; Professor and Chair- 
man, Department of Neurosurgery, Albert 
Einstein College of Medicine, Yeshiva Uni- 
versity, New York; Harold G. Jacobson, 
M.D., Chief, Division of Diagnostic Radi- 
ology, Montefiore Hospital; Professor of 
Clinical Radiology, New York University 
School of Medicine, New York; and Harry 
M. Zimmerman, M.D., Chief, Division of 
Laboratories, Montefiore Hospital; Professor 
of Pathology, College of Physicians and 
Surgeons, Columbia University, New York. 
Cloth. Price, $16.50. Pp. 256, with many 
illustrations. Grune & Stratton, Inc., 381 
Fourth Avenue, New York 16, N. Y., 1961. 
'This book consists of a series of edited, ex- 

panded and re-arranged weekly conferences 
held in the Department of Radiology of the 
Montefiore Hospital, New York City. The 
participants are mainly from the staffs of the 
Departments of Neurology, Neurosurgery, 
Radiology and Pathology. The clinical features 
of each case are first presented, then the radio- 
logical findings. Discussion of the findings by 
senior members of the various departments 
follows and a provisional diagnosis with differ- 
ential diagnosis is offered by each. Then the 
findings at operation and the pathologist's 
diagnosis are disclosed. The presentation ends 
with a short discussion covering various fea- 
tures of the lesion under consideration. 
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This volume, Volume 1, is confined to tumors 


of the scalp and skull. It describes 42 cases of 


which 38 are meningiomas. It contains much 
practical information. Since it is given in dis- 
cursive fashion, it requires careful reading to 
extract the information. [t also presupposes a 
moderate knowledge of neurology, radiology 
and pathology and therefore cannot be recom- 
mended to medical students. Residents in 
neurology, neurosurgery and radiology could 
gain from it but it does not replace standard 
textbooks on those subjects. In several cases, 
only a curt statement of the pathological diag- 


nosis is given. A photomicrograph or a brief 


description of the pathological findings in each 
case would be valuable. 

In the Preface, some criticism of the classical 
"vertical" and "horizontal" presentations of 
standard textbooks is made. It is suggested 
that the conference type of approach such as 
used in this book overcomes this criticism. This 
reviewer has not been impressed by conference 
type of teaching unless the students already 
have a thorough vertical and horizontal basis of 
clinical, radiological and pathological facts. 

Donato L. McRae, M.D. 


Tue Ратноіосу or Ionizing RADIATION. By 
Shields Warren, M.D., Sc.D., LL.D., Pro- 
fessor of Pathology, Harvard Medical School 
at the New England Deaconess Hospital; 
Pathologist, New England Deaconess and 
New England Baptist Hospitals, Boston, 
Mass. Cloth. Price, $3.00. Pp. 42, with 17 
illustrations. Charles C Thomas, Publisher, 
301-327 East Lawrence Avenue, Springfield, 
I., 1961. 


This brief monograph is based on two of Dr. 
Warren's lectures to State Pathological Soci- 
eties and as such is not an attempt to cover the 
effects of irradiation upon the body by a sys- 
tematic organ by organ description. As It is 
presumed that readers know something already 
of the anatomic pathology in various organs, 
the emphasis is more general and is based 
largely on a discussion of the acute radiation 
syndrome. Following a brief résumé of the his- 
torical aspects, the intracellular action of radia- 
tion is discussed, especially the effects on 
nucleoproteins. The action of absorbed radio- 
isotopes on tissues is covered superficially and 
is followed by a more complete discussion of the 
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action of radiation on tumors, consideration 
being given to the various factors rendering a 
tumor resistant or sensitive. À few pages are de- 
voted to the carcinogenic effect of irradiation 
and the monograph concludes with mention of 
the effects of radioactive fall-out. 

The book is not recommended for the medical 
student or resident seeking organ by organ in- 
formation on the pathology of irradiation but it 
does provide a good review of the current status 
of knowledge. The author is an authority in the 
field and the book is very readable. "The bibli- 
ography provides those interested with the 
means of furthering their knowledge. 


А. R. W. Симе, М.р. 


BOOKS RECEIVED 


ANATOMY or THE Coronary Arrertes. By Thomas 
N. James, M.D., F.A.C.P., Chairman, Section on 
Cardiovascular Research, Henry Ford Hospital, 
Detroit, Michigan. Cloth. Price, $18.00. Pp. 211, 
with 136 illustrations of which 42 are in tolor: 
Paul В. Hoeber, Inc., 49 East 33rd Street, New 
York 16, №. Ү., 1961. 

HISTOPATHOLOGY OF THE Pa Third edition. By 
Walter F. Lever, M.D., Professor of Dermatology 
and Chairman of the Department, Tufts Univer- 
sity; Lecturer on Dermatology, Harvard Univer- 
sity; Director, Dermatology Service: Boston City 
Hospital; Physician-in- Chief, Dermatology Clinic, 
Boston Dispensary; Physician (Dermatology), 
Boston Floating Hospital for Children; Member 
of the Board of Consultation, Massachusetts 
General Hospital; Consultant in Dermatology, 
Peter Bent Brigham Hospital and Robert Breck 
Brigham Hospital, Boston, Mass. Cloth. Price, 
$16.50. Pp. 653, with 320 illustrations of which 8 
are in color. f. B. И Company, East 
Washington Square, Philadelphia 5, Pa., 1961. 

MONOGRAPHS or THE Socigrv ror RESEARCH IN 
CHILD DEVELOPMENT, STUDIES or ILLNESSES OF 
CHILDREN FOLLOWED rrom BIRTH то EIGHTEEN 
Years. By Isabelle Valadian, Harold C. Stuart, 
and Robert B. Reed, Harvard і University School 
of Public Health, 55 Shattuck Street, Boston 15, 
Mass. Paper. Price, $3.25. Pp. 125, with many 


illustrations and tables. Child Development 
Publications, Purdue University, Lafayette, In- 
diana, Vol. 18. 1961. 


NUKLEARMEDIZIN IN DER Кілхік, By Lee Е. Farr, 
Brookhaven; H. W. Knipping, Cologne; and 
William H. Lewis, New York. Cloth. Pp. 486, 
with manv illustrations. Westdeutscher Verlag, 
Cologne, Germany, 1961. 
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Heap 


Luvovico, №. L'indagine radiologica dei canali 
laceri posteriori; utilità di una nuova inci- 
denza e dell'impiego della stratigrafia obliqua 
a strato spesso. (Roentgenologic examina- 
tion of the foramen jugulare; on a new 
technique and the use of oblique thick layer 
laminagraphy.) Radiol. med., Aug., 1961, 47, 
700—710. (Address: Dott. Prof. Nicola Ludo- 
vico, Via Molinari 3, Brescia, Italy.) 


The procedure proposed by the author for the 
roentgenographic examination of the foramen jugu- 
lare is limited to the use of the craniograph. The 
patient lies supine, the head fully extended. The tube 
is angled with a primary tilting of 27? cranially and 
then with another primary tilting 22? toward the 
opposite side to be examined. 

For laminagraphic studies of the foramen jugulare 
the author recommends the technique of oblique 
thick layer laminagrams. The patient is in the same 
position with the head fuliy tilted backward. The 
exposure takes place only during the initial stage of 
the movement of the laminagraph.—d. F. Govoni, 


M.D. 


Мохеѕ, К. J., Cunisrorr, N., and BENDER, 
M. B. Posterior cerebral artery occlusion; a 
clinical and angiographic study. ,7.M..4. 
arch. Neurol., July, 1961, 5, 68-76. (From: 
The Department of Neurology, The Mount 
Sinai Hospital, New York, N. Y.) 


An analysis of 106 consecutive vertebral angio- 
grams was made in an effort to determine the clinical 
significance of non-filling cf one or both posterior 
cerebral arteries. Previous reports have called atten- 
tion to the variations in the posterior circulation. In 
one series the basilar posterior cerebral artery 
connection was absent on one side in 1.5 per cent of 
cases, but bilateral absence of the basilar artery 
connection to posterior cerebral arteries was not seen. 

The published reports have not correlated absence 
of filling of the posterior cerebral artery with the 
clinical symptoms, and in che present study a par- 
ticular attempt was made to do this. 

When there is a lack of filling of one posterior 
cerebral artery on vertebral angiography and the 
patient has contralateral homonymous hemianopsia, 
carotid studies are necessary for complete evaluation 
of the vascular system. It is suggested that failure of 
one posterior cerebral artery to fill on vertebral and 
ipsilateral carotid angiography is abnormal and 
indicates occlusive disease of the non-filled posterior 
cerebral artery, Non-filling of both posterior cerebral 
arteries in vertebral angiography is abnormal. All 
six patients with non-filling of these arteries had 
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clinical evidence of brain stem and occipital lobe 
disease. 
It is concluded, therefore, that vertebral angiog- 
raphy is a valuable method of studying occlusive 
ascular disease of the posterior circulation, but only 
when non-filling is verified by carotid artery injec- 
tion.—4Lois Cowan Collins, М.Р. 


Neck AND CHEST 


DISTELMAIER, A., GLOXHUBER, CH., GREMMEL, 
H., Hecut, G., ScuorraN, W., Vieren, H., 
and Witt MANN, К. H. Ein neues Kontrast- 
mittel für die Bronchographie: Broncho- 
Abrodil. (A new contrast medium for bron- 
chography: Broncho-Abrodil.) Fortschr. a. d. 
Geb. d. Röntgenstrahien u. d. Nuklearmedizin, 
Aug., 1961, 95, 155-165. (Address: Prof. Dr. 
Н. Vieten, u. a., Institut und Klinik für 
Med. Strahlenkunde der Med. Akademie, 
Moorenstr. 5, Düsseldorf, Germany.) 


The newly developed contrast material, Broncho- 
Abrodil, is a suspension of Abrodil with a low solu- 
bility. It is not as hypertonic as the previously used 
water-soluble contrast substances, and therefore less 
irritating. Its solubility is great enough to be ab- 
sorbed from the bronchial tree in 2 or 3 days. No 
substances have been added to control the viscosity. 
Its viscosity increases with rising temperature. The 
filling of capillary spaces and alveoli is avoided. 
General and local tolerance is excellent. Side effects 
in animals and humans are practically absent. Prac- 
tical points in the use of this new contrast material 
for bronchography are added.—Hans W. Hefke, 
M.D. 


Kosrer, E., and Meyer, Н. J. Bronchogra- 
phie mit einem neuartigen Kontrastmittel. 
(Bronchography with a new contrast me- 
dium.) Fortschr. a. d. Geb. d. Róntgenstrahlen 
u. d. Nuklearmedizin, Aug., 1961, 95, 166- 
172. (Address: Oberarzt Dr. med. E. Köster, 
Fachklinik der LVA Oldenburg-Bremen, 
Germany.) 


Pure iodinized oils have the best affinity to the 
mucosa of the bronchial tree and give good contrast. 
But because of their fluidity they fill the alveoli and 
may cause complications arising from it. Other con- 
trast media have often undesirable side effects, such 
as increased bronchial irritation by water soluble 
media. 

A new contrast preparation called Bayer 1238 or 
Broncho-Abrodil was used by the authors in 123 
cases of bronchography. Its main difference from 
older media is the fact that its viscosity increases 
from room temperature to body temperature so much 
that it does not enter the alveolar spaces. The 
bronchography itself appears less irritating than with 


T 
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previous media. In normal lungs the contrast sub- 
stance disappeared completely in 2-24 hours; in 
abnormal lungs it took, at times, 2-4 days before no 


' evidence of contrast material was seen on the check 


films. 
The authors recommend this new bronchographic 
medium.—Hans W. Hefke, M.D. 


. Jowss, H. E., and Howe ts, C. Н. L. Pulmo- 


nary agenesis. Brit. M. F., Nov., 1961, 2, 
1187-1189. (From: The Royal Hospital, 
Wolverhampton, England.) 


Three cases of complete absence of one lung are 
reported with a fourth in which the middle and lower 
lobes were absent. Two of those with total agenesis 
died before one year of age and one is cyanosed and 
dyspneic on exertion at the age of two years. The 
child with partial agenesis is 41/2 and appears to be 
doing quite well. 

Pulmonary agenesis is frequently accompanied by 
other anomalies which are the cause of the child’s 
demise. Occasionally patients reach an advanced age. 

The characteristic roentgen appearance is one of 


-shift of the heart into the affected hemithorax in 


which no lung is visible. In complete agenesis bron- 
chography reveals no bronchus leading to the ab- 
normal side. 

The differential diagnosis in infancy includes 
diaphragmatic hernia, pneumothorax (especially 
associated with Staphylococcus pneumonia), lobar 
emphysema and dextrocardia.—David Morse, M.D. 


SCHWARTZ, Á., and Borman, J. B. Contusion 
of the lung in childhood. Arch. Dis. Child- 
hood, Oct., 1961, 36, 557-561. (From: The 
Departments of Diagnostic Radiology and 
Thoracic : Surgery, Hadassah University, 
Jerusalem, Israel.) 


Children involved in a rapid deceleration type of 
accident frequently have blunt trauma to the chest 
without rib fracture. Pain in the chest is, therefore, 
minimal and the attention of the clinician is directed 
toward the other injuries. Pulmonary contusion is 
not infrequent in these cases. This may be present 
without respiratory symptoms. 

* The roentgenogram often reveals fuzzy opacities 
of varying size and density with irregular borders. 
Pneumothorax, hemothorax or both may be present. 
Pneumomediastinum, hemomediastinum and sub- 
cutaneous emphysema are not infrequent. The 
underlying pathology of this roentgénographic ab- 
normality may be interstitial hematoma, acute 
localized edema, patchy confluent atelectasis and 
intra-alveolar hemorrhage. These contusions do not 


© require surgical intervention. Those with lung con- 


tusion alone should receive prophylactic antibiotics. 
They should be kept under hospital surveillance until 
the lungs are clear. Round or ring shadows have been 
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reported as resulting and these may persist for three 
months.—David Morse, M.D. 


Beyer, A., Ricuter, K., and Errso, О. Zwei 
Verlaufsbeobachtungen eines Hamman-Rich- 
Syndromes mit rezidivierendem Spontan- 
pneumothorax. (Two cases of Hamman-Rich- 
syndrome with recurrent spontaneous pneu- 
mothorax.) Fortschr. а. d. Geb. d. Röntgen- 
strahlen и. d. Nuklearmedizin, May, 1961, 
94, 568—579. (From: Róntgenabteilungen der 
I. Medizinischen Universitátsklinik und Po- 
liklinik der Charité, Berlin, Germany.) 


The Hamman-Rich syndrome is a rare diffuse 
interstitial pulmonary fibrosis. It is usually fatal 
within a few months or years. In the benign form, 
however, a nine year survival has been observed. 

Clinically, the progressive fibrosis results in respir- 
atory insufficiency with right heart failure. Histo- 
logic study of needle biopsy material reveals intra- 
alveolar proliferation of connective tissue. Roent- 
genologically, there is a reticulated honeycombed 
fibrotic pattern with interspersed miliary and small 
nodular densities, leading to large confluent forma- 
tions. The lesions are symmetric and are located in 
the lower and middle lung fields, rarely extending 
upward to the upper lobes. Occasionally, hilar 
lymphadenopathy occurs. Associated spontaneous 
pneumothorax has only been observed twice. Two 
cases are herewith reported with development of 
recurrent pneumothorax. 

The first patient was a male, aged fifty eight, with 
a six year history of progressive dyspnea. Roent- 
genologic study demonstrated reticulated fibrosis 
mostly of upper lobes with small nodulation and 
progressive shrinking. There was compensatory em- 
physema of the lower lobes. Recurrent spontaneous 
pneumothorax developed bilaterally. Functional 
studies revealed decrease of the total and vital 
capacity. There was a rapid downhill course in spite 
of steroid therapy. The patient finally died with the 
clinical course of right heart failure. Postmortem 
examination showed characteristic diffuse interstitial 
pulmonary fibrosis, pleural adhesions, and сог 
pulmonale. 

The second patient was a male, aged thirty eight, 
with a right lower lobe pneumonia which developed 
into the Hamman-Rich syndrome. Roentgenologic 
study revealed reticulated fibrotic changes with 
honeycombing in both upper and middle lung fields 
and hilar lymphadenopathy. Steroid therapy was 
without benefit. After two years a spontaneous 
pneumothorax developed over the right apex and 
four months later over the entire left lung. Following 
re-expansion of the lungs confluent small nodular 
lesions were observed within the fibrotic strands. The 
hilar lymphadenopathy remained stationary, but the 
fibrotic lesions were progressive. The total and vital 
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capacity was moderately diminished, and there was 
progressive dyspnea. 

The characteristic lesions asually are perihilar and 
in the middle and lower lung fields. Thus, localization 
in the upper lobes in the two cases is unusual, thereby 
simulating tuberculosis, Hodgkin’s disease and silico- 
sis. The clinical, roentgeno’ogic, and pathophysio- 
logic pattern is fairly typical so that a correct diagno- 
sis is possible in most instances. 

The following conditions have to be considered in 
the differential diagnosis: (1) pulmonary fibrosis with 
known etiology (pneumonoconiosis and sarcoidosis, 
leading to hilar lymphadenopathy); (2) pulmonary 
fibrosis with unknown etiology; (3) systemic disease 
with associated pulmonary fibrosis (scleroderma, 
systemic progressive sclerosis and other collagenous 
disorders); and (4) congenital and acquired honey- 
combing of lungs (causing respiratory obstruction in 
contrast to free air passages in the Hamman-Rich 
syndrome).—Ernest. Kraft, M.D. 


Cawosst, C., VENpDRAME, L., and Amici, F. 
Contributo allo studio delle localizzazioni 
polmonari del morbo di Besnier-Boeck- 
Schaumann, (Studies on localized pulmo- 
nary lesions of Besnier-Boeck-Schaumann 
disease.) Ann. radiol. diag., 1961, 34, 132- 
159. (From: Istituto d: Radiologia dell'Uni- 
versità di Modena, Modena, Italy.) 


The authors review the historic contribution of 
various investigators to this entity with the first 
description by Besnier in 1889. Although this dis- 
ease involves the reticuloenthothelial system of every 
organ of the body, the lungs are most often affected. 

The etiology, which remains unknown, is discussed 
with the theoretic and investigative hypotheses 
which have been proposed. 

The symptoms in this disease are vague and vary 
with the organs involved. The only symptoms may 
be asthenia and recurrent upper respiratory infec- 
tions. There may be an unexplained loss of weight, 
fatigue, and mild degree ef dyspnea. Laboratory 
studies may show only an increase in sedimentation 
rate—with yhperglobulinemia and hypercalcemia. 
The disease runs a benign course and the patient may 
survive many years with the minimum of symptoms 
and morbidity. 

The histopathologic aspects are discussed with the 
differential diagnosis of tuberculous, fungous, and 
other granulomatous diseases. 

The authors report 8 cases with hilar and pulmo- 
nary disease. Various forms of treatment were used, 
such as steroids, PAS, ACTH, etc., including radia- 
tion therapy with doses of 1,500 to 2,400 r to the 
mediastinum. Of these 8 patients, 5 received radia- 
tion therapy either alone or in conjunction with other 
medication; 3 of them improved and 2 remained 
unimproved. Regardless of the treatment adminis- 
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tered to the 8 patients, the results were not uniform 
and therefore difficult to evaluate. 

The diagnosis in these cases is still made by roent- 
genographic studies and microscopic examination of 
the lymph nodes. 

The only criticism that the reviewer would like to 
offer is the high radiation dose (1,500-2,400 r) given 
for a benign disease and especially to a group of 
patients in the twenty-five to thirty-five year age 
group. Otherwise this is an excellent article on the 
subject.—Peter E. Russo, M.D. 


MosETITsCH, W. Amyloid “Tumoren” der 
Lungen. (Amyloid tumors of the lungs.) 
Fortschr. a. а. Geb. d. Rüntgenstralen и. d. 
Nuklearmedizin, May, 1961, 94, $79-587. 
(Address: Dr. W. Mosetitsch, Róntgeninst. 
der Thoraxklinik, Karolinska Sjukhuset, 
Stockholm, Sweden.) 


There are two types of amyloidosis: the typical, 
which is secondary to chronic inflammatory process- 
es, malignant tumors and myelomatosis, and the 
atypical, which is idiopathic without recognizable 
underlying disease. Both types are usually charac- 
terized by a diffuse amyloid infiltration of various 
organs. In exceptional cases, however, the amyloid 
material is localized, thereby simulating neoplastic 
formations. Three cases are reported and illustrated 
in which the trachea, bronchi and lung periphery 
were the sites of idiopathic amyloid tumors. 

The first patient was a male, aged sixty who was 
hospitalized for pneumonia. Roentgenograms of the 
chest demonstrated a massive density in the periph- 
ery of the right upper lobe and streaky formations 
leading from this area to the right hilus. The latter 
was enlarged. Bronchoscopy revealed irregular thick- 
ening of the right upper lobe bronchus. Needle biopsy 
of this area disclosed amyloid tumor. 

The second patient was a male, aged thirty-nine, 
with a five year history of progressive dyspnea. 
Roentgenograms of the chest showed irregular nar- 
rowing of the lower two thirds of the trachea with 
tumorous masses protruding into its lumen. Bron- 
choscopy disclosed neoplastic involvement of the 
right lateral wall of the trachea, extending downward 
to the right upper lobe bronchus. Needle biopsy 
material proved to be amyloid substance. 

The third patient was a female, aged thirty-seven, 
with a respiratory infection. Roentgenograms of the 
chest showed lobulated masses above the right base 
and in the left middle lung field. Faint calcific deposits 
were noted in some of the lesions. Bronchography 
and arteriography failed to reveal any specific find- 
ings. Histologic study of biopsy material from the 
bronchial wall disclosed amyloid formations. 

The tumorous lesions are characterized by a slow 
growth, lacking characteristic appearance; therefore, 
exploratory thoracotomy or needle biopsy may be- 
come necessary for diagnostic purposes. Ín most 
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instances, however, bronchoscopic biopsy тау suf- 
fice. 

The pulmonary lesions can simulate tuberculosis, 
sarcoidosis, histoplasmosis and lipoidosis. A malig- 
nant lesion can be excluded when calcific deposits are 
found in the masses.— Ernest Kraft, M.D. 


Cameron, Douctas G., Inc, S. T., Boyz, M., 
and Maruews, W. H. Idiopathic mediastinal 
and retroperitoneal fibrosis. Canad. М.4.9., 
July, 1961, 85, 227-232. (From: Depart- 
ment of Medicine, The Montreal General 
Hospital; Department of Medicine, Queen 
Mary Veterans Hospital; and Department 
of Pathology, The Montreal General Hos- 
pital, Montreal, Quebec, Canada.) 


Idiopathic mediastinal fibrosis is a rare disorder, 
but cases have been reported sporadically since the 
first case was described by John Hunter in 1757. 
Reports have been increasing in frequency in recent 
years аз have those of the retroperitoneal counter- 
part, which was first described in 1948. To date 65 


‚ cases of retroperitoneal fibrosis have been reported. 


Three additional cases are described, two with 
idiopathic retroperitoneal fibrosis, and one with 
combined mediastinal and retroperitoneal fibrosis. 

The pathology of the two conditions is strikingly 


' similar and consists of hard, fixed white fibrous tissue 


in the mediastinum and/or the retroperitoneal area, 
causing constriction of the great vessels, and in the 
latter area, of the ureters. The process is usually self- 
limited, but may be complicated by thrombosis. In 
the retroperitoneal area the ureteral constriction 
may lead to fatal renal complications if the ureteral 
obstruction is not surgically relieved. 

The etiology remains obscure. Corticosteroid 


‘therapy or irradiation and antibiotics have been 
' used, but since the majority of cases is self-limited, 
results are difficult to assess. Undoubtedly early 


diagnosis and surgical release of the strangled ureters 


' may be life-saving. 


The three cases reported support the view that the 
two conditions are variants of a single disease proc- 
ess.—Lois Cowan Collins, M.D. 


GorpsTEIN, M., and Dumont, A. Résultats et 
interprétations des explorations phlébogra- 
phiques du médiastin et du thorax. (Results 
and interpretations of phlebographic studies 
of the mediastinum and thorax.) deta chir. 
belg., Feb., 1961, No. 2, 168—189. (From: 
Département de Chirurgie thoracique, Dé- 
partement de Chirurgie vasculaire, and Serv- 
ice de Chirurgie générale, Hópital universi- 
taire Saint-Pierre, Bruxelles, Belgium.) 


In a previous report (сіс chir. belg., Suppl. П, 
' pp. 110-151, June 1960) the authors have described 
their techniques for mediastinal and azygos phlebog- 
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raphy. They have now examined 89 cases, including 
neoplasms of the bronchi, mediastinum, thyroid, 
esophagus and breast; also pulmonary tuberculosis 
and the superior vena cava syndrome. The methods 
are highly useful in demonstrating deformities of the 
venous trunks, and therefore for determining opera- 
bility in neoplasms and particularly in the superior 
vena cava syndrome. If in the future venous grafts 
are used more often in the latter condition venog- 
raphy will be indispensable in indicating the length 
of segments to be replaced, 

The authors consider their method of azygography, 
in which 10 cc. of opaque medium is injected into a 
rib, to be simpler than the Marcozzi method of 
introducing contrast material via the vertebral sys- 
tem.—Frank A. Riebel, M.D. 


Tort, G., and Garust, С. Е. La diagnosi angio- 
cardiografica nella anomalia tricuspidalica 
tipo Ebstein; presentazione di tre osserva- 
zioni personali. (Angiocardiographic diag- 
nosis of Ebstein's anomaly of the tricuspid 
valve; presentation of three cases.) Radiol. 
med., Aug., 1961, 47, 673-688. (Address: 
Dott. Prof. Giulio Tori, Via Mezzofanti 89, 
Bologna, Italy.) 


In the past ten years about 200 cases of Ebstein's 
anomaly of the tricuspid valve have been reported in 
the world literature. 

The symptomatology of this anomaly shows a 
great variability. The most frequent symptoms are: 
dyspnea, extrasystolic arrhythmia, paroxistic tachy- 
cardia and precordial pain. Cyanosis, mild or severe, 
is present in about 60 per cent of the cases. One 
feature of the cyanosis has been found to be quite 
constant. Present in the neonatal period, slowly 
regresses to reappear in early adolescence of adult 
life. Sotgiu et al. (La Malattia di Ebstein. Cappelli 
Ed., Bologna, 1959), have found also: (1) that the 
severity of the cyanosis is not related to the func- 
tional capacity of the heart, and (2) that the cyanosis 
gives to the face of the patient a rather typical small 
mask appearance. 

Clinically there are systolic and diastolic murmurs, 
although in many cases only systolic (over the pre- 
cordium), and abnormal rhythms. Symptoms related 
to a right heart insufficiency are rather frequent. 

The most typical roentgen finding is marked 
enlargement of the heart which assumes a rather 
globular appearance. In cases in which there is 
dilatation of the right ventricular outflow tract the 
middle arch of the left border of the heart shows a 
characteristic bulging directed toward the left chest 
wall, giving the heart a box-like appearance, which is 
generally thought to be typical of Ebstein’s anomaly. 
The borders of the heart show decreased pulsations 
except in the infundibulum of the right ventricle. 
The pulmonary artery is usually difficult to visualize 
and, when not hidden, shows regular pulsations. In 
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contrast with the severe enlargement of the heart is 
the decreased pulmonary vasculature, seldom nor- 
mal. The hilar shadows are asually small. The left 
atrium is never enlarged and the size of the left 
ventricle is within normal limits. One must, however, 
remember that there are cases in which the cardiac 
shadow is essentially normal. 

Angiocardiography in Ebstein’s anomaly is recom- 
mended by some authors апа objected to by others. 
The main criticism is Баѕес on the possibility of 
severe arrhythmias secondary to a sudden overflow- 
ing of the right chambers of the heart. 

The authors have found that angiocardiography 
by the usual intravenous injection of the contrast 
medium is preferable to the direct visualization of 
the right heart following cardiac catheterization. 
They have adopted that procedure in 3 cases which 
are presented in detail, 

The most common angiecardiographic findings 
were: (1) Marked enlargement of the right atrium 
with considerable dilatation of the auricular appen- 
dage. (2) The right atrium formed with the supra- 
valvular portion of the right ventricle a large atrio- 
ventricular chamber. The supraventricular portion 
showed minimal changes during the various cardiac 
phases. (3) The tricuspid valve was generally dis- 
placed to the left and quite high. (4) The infundibu- 
lum of the right ventricle was markedly dilated, 
appearing opacified even in the first angiocardiogram 
and bulged outward, at the level of the superior half 
of the left border of the heart. In the lateral view the 
infundibulum formed, together with a dilated auric- 
ular appendage, the anterior border of the cardiac 
shadow. (5) Under the infundibulum, in the postero- 
anterior projection, in some cases it was possible to 
visualize the inferior or distal portion of the right 
ventricle which presented significant volumetric 
changes during the different stages of the cardiac 
contractions. This portion filed generally later than 
the great atrio-ventricular chamber and the infun- 
dibulum, and appeared therefore clearly outlined 
between them. (6) The pulmonary artery was almost 
completely hidden by the infundibulum of the right 
ventricle in the posteroanterior projection and in the 
left lateral projection also by the enlarged right 
auricular appendage. The main branches of the 
pulmonary artery were decreased in diameter. The 
transit of the contrast medium through the pulmo- 
nary bed appeared increased. The pulmonary veins 
were more easily identified. (7) An interatrial septal 
defect—right to left--was demonstrated in all cases 
by (a) early faint opacification, although not con- 
stant, of the left atrium; (b) by an early filling of the 
left ventricle and subsequently; (c) by early opacifi- 
cation of the aorta. The latter sign was the most con- 
stant and proved to be the one of greater diagnostic 
importance. (8) The contrast medium opacified for 
quite a while the right atrium and ventricle and the 
infundibulum. These were cutlined by the contrast 
medium, although faintly, even in the angiocardio- 
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grams exposed at 10” to 12" from the injection of the 

contrast medium. The authors feel that this feature 

was highly typical and indicative of an Ebstein's 
anomaly of the tricuspid valve. (9) The left ventricle, 
but mainly the aorta, also remained opacified for 
quite some time. (10) In those cases in which the 
foramen ovale was not patent, other authors have 
found that the left ventricle and in particular the 
aorta did not show an early opacification, while all 
the other angiocardiographic findings were essen- 
tially similar to the ones observed by Tori and Garusi. 

Concluding, the authors feel that angiocardi- 
ography is very useful in the diagnosis of Ebstein’s 
anomaly of the tricuspid valve, due to a complex of 
roentgen features which together are quite pathog- 

nomonic. —.4. F. Govoni, M.D. 

Ayas, EpvaRbo, Vispo, ALFREDO, and DE- 
максні, Raut. Fibroleiomiomas esofago- 
gastricos. (Esophagogastric fibroleiomyo- 
mas.) Prensa méd. argent., Dec. 30, 1960, 47, 
3405-3413. (Address: Pueyrredon 1493, Bue- 
nos Aires, Argentina.) 


The most frequent site of leiomyomas was found to 
be the lower part of the esophagus, near the junction 
of the esophagus and stomach, These tumors are 
generally intramural. Although they are relatively 
rare, they can be diagnosed and surgically extirpated 
by a transthoracic approach. 

Three cases of fibroleiomyoma of the esophagus are 
reported. One of these tumors situated in the middle 
third of the esophagus was asymptomatic. At opera- 
tion, it was found to contain calcifications as the 
result of degeneration and mass hemorrhage into the 
tumor. The second tumor was situated at the lower 
extremity of the esophagus near the stomach and was 
associated with dysphagia. The third tumor was 
found at the Junction of the stomach and esophagus 
and was the site of an esophagitis, also causing 
dysphagia.-—M. M. Friedman, M.D. 








RADIATION THERAPY 


WacHsMaNN, Feix. Von der Radium-Kon- 
taktbestrahlung über die Nahbestrahlung zur 
Weichstrahltherapie und zur Therapie mit 
Betastrahlen oder schnellen Elektronen. 
(From radium contact therapy through con- 
tact radiation to soft radiation and therapy 
with beta rays or fast electrons.) Фай 
entherapie, Mar., 1961, 774, 446-453. (From 
Institut für Physikalische und Medizinische 
Strahlenkunde der Universitat, Erlangen, 
Germany.) 





The sharp drop in depth dose with radium contact 
therapy can be attained as well with soft radiation. 
Soft radiation avoids the disadvantage of contact 
therapy (Chaoul) of having to use many fields when a 


X 
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large area is to be treated; further, the superficial 
dose is more homogeneous with soft rays when un- 
even surfaces are treated. Sharp drop of depth dose 
in treatment of large areas with soft radiation 
therapy is surpassed only by therapy with beta rays 
or fast electrons.—Henry С. Moehring, M.D. 


LóüpickEe, Kurt. Das Erscheinungsbild radio- 
gener Veränderungen im Darmbein und 
Kreuzbein. (The radiographic appearance of 
radiation changes in the ilium and sacrum.) 
Strahlentherapie, Feb., 1961, 774, 286-295. 
(From: Universitits-Geschwulstklinik ег 
Charité, Berlin, Germany.) 


In addition to the well known skeletal changes 
following irradiation of the pelvis (about the hip and 
in the pubis and ischium), both sclerotic and web- 
ike osteolytic changes may occur in the iliac wings 
and the sacrum. These latter results remain relatively 
unknown because their clinical import is overshad- 
owed by post-radiation changes about the hip. 

Three patients retreated for residual pelvic tumors 
showed extensive skeletal damage; less severe 
changes were noted following primary radiation 
therapy of pelvic tumors. Every retreatment of re- 
sidual pelvic tumor in patients who have had pri- 
mary radiation therapy for carcinoma of the uterine 
cervix carries great risk of radiation osteonecrosis; 
the therapist, however, dare not let this risk prevent 
him from administering adequate radiation to such 
residual tumor.—-Henry С. Moehring, M.D. 


RusiN, Рнилр, and Prapuasawat, DUSDEE. 
Characteristic bone lesions in post-irradiated 
carcinoma of the cervix. Radiology, May, 
1961, 76, 703717. (Address: Philip Rubin, 
260 Crittenden Blvd., Rochester 20, N. Y.) 


7n a group of 259 cases of carcinoma of the cervix 
treated by irradiation at Strong Memorial Hospital 
from 1940 to 1957, 8 instances of bone metastasis 
were found. Two additional patients were originally 
treated elsewhere and were seen for metastatic dis- 
eas only. The age range was from twenty-eight to 
sixty-eight years. No correlation with the tumor 
stage was noted. The interval between treaement of 
the primary cervical cancer and the onset of bone 
pain was as brief as two months and as long as four- 
teer. years. The most common sites of involvement 
were the vertebrae and pelvis. Ribs, scapula, and 
skull were also involved. The lesions were lytic in 8 
patients and mixed lytic and blastic in 2 patients. 
"There appear to be three groups into which the skele- 
tal lesions fall: direct extension, lymph node involve- 
ment, and hematogenous metastases. In direct ex- 
tension, the initial changes in pelvic bones are dis- 
solution of the cortex along the sacrosciatic notch or 
loss of the ileopectineal line. In lymph node meta- 
stases, the earliest vertebral changes are a loss of 
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body substance. Advanced lesions show extensive 
destruction of adjacent bones, joints, and inter- 
vertebral spaces, associated with a large soft tissue 
mass due to aggressive local invasion and spread. 
Hematogenous metastases are indistinguishable from 
those of other neoplasms. 

Radionecrosis of bone was seen in 7 patients fol- 
lowing irradiation. for carcinoma of the cervix. 
'The interval from therapy to onset of radionecrosis 
was one year and three months to five years. The 
average case was seen at four years + six months. 
The most frequent complication was femoral neck 
fracture. All of the cases with fracture of the femoral 
neck had been treated through lateral fields. Two of 
the 3 cases of severe pubic bone fracture and iliac 
crest breaks were in patients treated through oblique 
fields. The estimated dose ranged from 7,000 to 
12,000 rads. Radionecrosis of the pelvis is readily dis- 
tinguishable from metastatic involvement because of 
the absence of osteolysis and cortical destruction 
coupled with a predictable pattern of bone sclerosis 
and fracture in femora, pubis, and ilia depending on 
portal arrangement... W. Sommer, M.D. 





RADIOISOTOPES 


ROSENBERG, I. N., and Cuaren, M. H. Effect 
of thyrotropin upon release of iodide from 
human and rat thyroid. Y. Clin. Endocrinol. 
€ Metabol., 1961, 27, 5547568. (From: The 
Research Laboratories of the Fifth and Sixth 
[Boston University] Medical Services, Bos- 
ton City Hospital and the Department of 
Medicine, Boston University School of 

Medicine, Boston, Mass.) 


'The effects of thyrotropin (TSH) administration 
in man and rats were studied with regards to (a) the 
urinary excretion of radioiodine after glandular 
iodine stores had been labeled by 1%, and (b) the 
concentration. of radioiodide within the thyroid 
under varying experimental conditions. There were 
14 patients of which то were euthyroid, 2 were 
thyrotoxic, and 2 were myxedematous. 

The injection of TSH led to a prompt increase in 
urinary I! in both man and the normal rat. The 
administration of TSH to perchlorated treated 
euthyroid or hyperthyroid human subjects, who had 
been given I'*! several days earlier, showed a 2 to 6 
fold increase in urinary excretion of №". The results 
were similar after therapy with propylthiouracil had 
been started. This was due in part to a further inhi- 
bition of glandular re-utilization of labeled iodide 
arising from peripheral degradation of thyroid hor- 
mone. The perchlorate alone caused an increase in 
urinary 1, but it was less than that with TSH. The 
urinary D? in both pre-TSH and post-TSH periods 
behaved like iodide and was almost completely re- 
moved from acidified urine in an anion exchange 
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resin, No change occurred in urinary Н after injec- 
tion of TSH in the 2 myxedematous cases. 

The administration of TSH to patients pre-treated 
with methimazole (tapazole) alone usually failed to 
produce a striking early change in glandular radio- 
activity as measured by external counting tech. 
niques. 

A small quantity of thiocyanate was given to 8 
cases together with the initial dose of methimazole in 


FRETHEM, ALLEN A., ALBERT, A., and KEAT- 
1NG, F. Raymonp, Jr. Iodine metabolism in 
surviving thyroid slices from patients with 
exophthalmic goiter. Y. Clin. Endocrinol. ©? 
Metabol., 1961, 27, 49-855. (From: Sections 
of Medicine and Physiology, Mayo Clinic 
and Mayo Foundation, Rochester, Minn.) 


Iodine metabolism in surviving thyroid tissue 
slices from 18 patients with exophthalmic goiter and 
4 euthyroid cases was studied by means of a modified 
gravity flow incubation technique using Krebs. 
Henseleit bicarbonate incubating medium contain- 
ing 4 uc of I? per тоо ml. The radioactivity was 
measured by a scintillation counter connected to a 
multiscaler. Organically bound P?! in the tissue 
slices was determined by precipitation with tri- 
chloracetic acid. The patients were prepared with 
Lugol's solution prior to operation. 

Iodine metabolism in hyperplastic thyroid tissue 
differed from that of normal thyroid tissue in that: 
(a) the pattern of I!" uptake in hyperplastic tissue 
was curvilinear with respect to time, whereas that of 
normal tissue was rectilinear; (b) the rate of p3 up- 
take was greater in hyperplastic tissue than in normal 
tissue; and (c) the mean proportion of I! iodine 
bound to protein in hyperplastic tissue was approxi- 
mately one-half that in normal tissue. 

Methimazole (tapazole) blocked protein binding in 
both normal and hyperplastic thyroid tissue. Thio- 
cyanate discharged most of the accumulated T?! in 
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both normal and hyperplastic tissue. Inorganic 
iodides inhibited both I?! trapping and protein bind- 
ing in certain concentrations in hyperplastic tissue. 
Organic iodide compounds, such as thyroxine, tri- 
iodothyronine, diicdotyrosine, and thyroglobulin de- 
pressed the I! uptake in normal tissue.—C, JF. 
Cooley, M.D, 


McKenzie, J. M. Studies on the thyroid ac- 
tivator of hyperthyroidism. Y. Clin. Endo- 
crinol. € Metabol., 1961, 27, 635-647. (From: 
McGill University Clinic, Royal Victoria 
Hospital, Montreal, Canada.) 


Excessive secretion of thyrotropin has long been 
suggested as the cause of hyperthyroidism, but assay 
results have been conflicting. Within the past few 
years there has been evidence by bioassay that there 
may be another substance, which unlike thyrotropin, 
stimulates the thyroid, 

The author has sought this “thyroid activator” in 
101 patients. It was found in 8 of 9 persons with 
exophthalmos and hyperthyroidism; in 19 of 25 
persons without exophthalmos but with hyper- 
thyroidism; in 19 of 23 persons with hyperthyroidism 
in the past but with persisting exophthalmos; in тї 
(79 per cent) of 14 persons with the exophthalmos 
typical of Graves’ disease, but with no evident ab- 
normality of thyroid function; and in 1 of 25 persons 
with no history of exophthalmos or hyperthyroidism. 

Extraction of the thyroid activator from serum 
was done by means of ultrafiltration and starch- 
block electrophoresis. 

The results make it tempting for the author to give 
pathogenetic significance to the substance (thyroid 
activator) in the hyperthyroid.exophthalmic com- 
plex known as Graves' disease. It seems reasonable 
that such thyroid activation occurs in the thyroid as 
a result of the factor in the blood. In order to assign 
an exophthalmic producing role to the substance, 
coincident assays for both thyroid activator and 
exophthalmic producing substance are felt to be nec- 
essary to resolve this possibility. 

It should be noted that the activator has been 
found in normals and the author wonders whether 
such a fact signifies a potential for the onset of 
Graves' disease, 


BucHaNaN, W. Warson, Koutras, D. A., 
ÂLEXANDER, W. D., Crooks, M., Ricn- 
мохр, M. H., Масромлір, E. M., and 
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Wayne, E. J. Iodine metabolism in Hashi- 
moto’s thyroiditis. ў. Clin. Endocrinol. & 
Metabol., 1961, 27, 806-816. (From: Uni- 
versity Department of Medicine, Gardiner 
Institute, Western Infirmary, Glasgow W1, 
Scotland.) 


Iodine metabolism was studied in до patients with 
untreated Hashimoto’s thyroiditis. A combination of 
isotopic and chemical techniques was used. Some of 
the tests and the results were: (1) Thyroidal I?! up- 
takes and thyroidal clearance rates were usually 
within the normal range. High values were found fre- 
quently in the 14-hour uptake study which exceeded 
the 48-hour uptakes in 15 of the 40 cases. This is con- 
sistent with a short biologic half-life of Г? in Hashi- 
moto's thyroiditis; (2) plasma inorganic iodine levels 
were within a normal range as were the absolute 
iodine uptakes; (3) plasma PBP levels were above 
the upper limits of normal and in 11 patients were in 
the thyrotoxic range; (4) the plasma PBI levels 
were in the hypothyroid or low normal range; (5) the 
intrathyroidal exchangeable iodine values were 
usually abnormally low; (6) the renal clearance of 
iodide was usually within the normal range; (7) the 
thyrotropin or TSH test showed a slight increase in 
T?! uptake in 3 of то cases. There was a rise of PBI! 
after TSH administration. The rise was lower than in 
normal subjects; (8) the thyroxine suppression tests 
were normal; and (9) potassium perchlorate dis- 
charge tests yielded positive results in 12 of 27 pa- 
tients. 

The results of standard I?! tests vary markedly in 
Hashimoto's thyroiditis. However, a combination of 
a high plasma PBI level, with either a normal 
thyroidal P?! uptake or a low blood plasma PBI 
level, is of diagnostic value. The potassium per- 
chlorate discharge test is of diagnostic value when it 
is positive. A low PBI level in a clinically euthyroid 
patient indicates an early degree of hypothyroidism. 

The above tests indicate that the thyroid gland is 
able to trap a normal quantity of iodine but is unable 
to utilize it to form thyroid hormone. 

The abnormal results often obtained in the stand- 
ard I?! tests in Hashimoto’s thyroiditis can be ex- 
plained by taking into consideration the entire iodine 
metabolism.—C. W. Cooley, М.Р. 


Lesogur, GILLES, Boncrovannt, ALFRED M., 
STEIKER, DanieL D., and EBERLEIN, WAL- 
TER R. Immunologic and thyroid function 
studies in euthyroid children with goiter. 
7. Pediat., Apr., 1961, 58, 477-481. (From: 
The Children’s Hospital of Philadelphia, De- 
partment of Pediatrics, School of Medicine, 
University of Pennsylvania, Philadelphia, 
Pa.) 

Between January, 1955, and January, 1960, 41 


clinically euthyroid children were referred to the 
Endocrine Clinic of the Children’s Hospital of Phila- 
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delphia because of a goiter. These children were 
studied both with the standard tests of thyroid func- 
tion and with recently devised immunologic tech- 
niques to detect the presence in the serum of anti- 
bodies which react with human thyroid extracts. In 
some, the serum was also studied for abnormal pro- 
tein patterns, and in a few patients an open biopsy of 
the thyroid was performed. The results of these 
studies suggest that, in that locality, goiters in eu- 
thyroid children are most commonly associated with 
an autoimmune process directed against the thyroid 
gland. 

Protein bound iodine (PBI) and serum butanol- 
extractable iodine (ВЕТ) studies were made. 1% up- 
takes were measured with a scintillation counter 
twenty-four hours after the administration of 1 to 7 
mc of the isotope. In some patients the uptake study 
was repeated after the intramuscular injection of 2.5 
units of thyrotropin (TSH) every twelve hours for a 
total of 4 doses. The uptake could not be correlated 
with the PBI or BEI in many instances. Initially, 
serum  thyroid-agglutinating antibodies were as- 
sayed by this method and, subsequently, Witebsky's 
method was employed. 

The most striking and consistent abnormal labo- 
ratory finding in this group of 31 children with 
goiters was the presence of antibodies to human 
thyroid extracts in the serum of all but 4 patients. 
While antibodies can be detected in the serum of pa- 
tients with many different types of thyroid disease, 
high titers are found almost exclusively in patients 
with thyrotoxicosis, spontaneous myxedema, and 
lymphocytic thyroiditis. Since 87 per cent of the 
children with unexplained goiters in this series had 
antibodies in their serum and were clinically euthy- 
roid, it might seem reasonable to assume that most 
of them had thyroiditis. The goiter in each patient 
gradually regressed in response to treatment with 
desiccated thyroid, lending further support to this 
diagnosis. 

Unfortunately, none of the available tests is spe- 
cific for thyroiditis, the diagnosis of which can only 
be made histologically. The detection of thyroid 
antibodies in the serum of most of these children with 
unexplained goiters can, therefore, be taken as proof 
only of the presence of an autoimmune process in- 
volving the thyroid gland, not of thyroiditis. 

If the results of the very small number of biopsies 
performed in this series can be considered representa- 
tive of what would have been found in the others, it 
seems justified to conclude that in that locality most, 
but not all, euthyroid children with a goiter had a 
form of chronic thyroiditis.—Pau/ L. Webster, M.D. 


Bonnet, Joun D., Hicnrower, Nicnoras C., 
JR., Perrany, Zoran, and Sommer, ARNO 
W. A simple direct method for determining 
radioactivity in feces. 4m. J. Digest. Dis., 
1961, 6, 520-525. (Address: J. D. Bonnet, 
Scott & White Clinic, Temple, Tex.) 
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Standard procedures for quantitative analysis of 
stool specimens, either chemical or radioactive, re- 
quire weighing, dilution and homogenization of feces, 
in addition to analysis in duplicate or triplicate. In 
this report, the authors describe the application of 
the method originally described by Owen which de- 
termines radioactivity in feces by a rapid simple di- 
rect approach. 

Clinically, sodium radioiodide, radioiodinated trio- 
lein, radioiodinated oleic acid, radiochromium and 
radioiron have been used. 

Homogeneity of the stool specimen is obtained by 
collecting each stool specimen individually without 
pooling. 

'The principle employed in the method is that the 
number of counts from any amount of radioisotope 
collected and packed in a standard carton will vary 
only with the height of the specimen. After measur- 
ing the activity of the specimen, correction tables are 
employed to give a corrected net count at zero vol- 
ume. A pilot, prepared from а portion of the dose of 
radioisotope administered to the patient, is counted 
when the radioactivity of the stool specimen is deter- 
mined and corrected to zero volume. Final calcula- 
tion is by the following formula: 


% dose in feces 
corrected net cps for specimen X 100 


corrected net cps pilot X dose factor 


Variation of determinations from the dose admin- 
istered was no greater than 1 per cent as compared 
to standard sample-size methods.—George A. Mil- 
ler, M.D. 


Bartow, C. F, Domek, N. S., GOLDBERG, 
M. A., and Котн, L. J. Extracellular brain 
space measured by S? sulfate. 4A.M.A. 
Arch. Neurol., 1961, 5, 102-110. (From: De- 
partment of Medicine (Neurology) and De- 
partment of Pharmacology, The University 
of Chicago, Chicago, HI.) 


Electron microscopic studies of the central ner- 
vous system have illustrated the virtual absence of 
detectable extracellular spaces, Such a fact makes 
disputable the existence of the chloride ion as an in- 
dicator of the extracellular space of brain as this 
would presume a compartment of approximately 30 
per cent of brain weight. 

The present study is an attempt to measure the 
extracellular space, if one exists. S? was used in 
studying ureter-ligated adult and immature cats by 
gross autoradiography and radioassay methods. Cor- 
rection for metabolic incorporation was made. 

All anatomic structures studied in the brain of the 
adult cat were found to have a sulfate space of ap- 
proximately 2 to 4 per cent. Metabolic incorporation 
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calculations did not alter the values. By contrast the 
kittens prior to the age of three months showed as 
high a sulfate space as 33.5 per cent in white matter 
and 16.8 per cent in cerebral cortex. 

'The question is posed as to whether the sulfate 
space actually represents the extracellular space of 
the brain. Previous experiments seem to lend support 
to the fact that sulfate is primarily an extracellular 
ion in the body in general. There is no absolute proof. 

The conclusion is that the findings are in more 
general agreement with the electron microscopic 
findings. The authors do not agree that the extra- 
cellular space does not exist, but believe that it 1s 
approximately 4 per cent of the wet weight of the 
brain. Previous chloride space studies indicate that a 
portion of brain chloride is probably intracellular and 
that their studies are more likely to reflect a true ex- 
pression of the extracellular spaces than previous 
chloride space studies which were done 2» vitro on 
excised tissues. 

Microscopic studies do show the existence of an 
extracellular space in immature animals, which 
agrees with the present study. This may help explain 
why in the immature animal there is easier access to 
the brain of many blood borne substances at that 
age.—JF. К. Littman, M.D. 


Frey, Enrico, Marrer,Hans, and PESTALOZZI, 
Davin. Transnasale Spickung eines vor- 
wiegend ѕиргаѕеПагеп Hypophysentumors 
mit Yttrium-go-rods. (Transnasal implanta- 
tion of yttrium go rods in a largely supra- 
sellar, hypophyseal tumor.) Strahlentherapie, 
Feb., 1961, 774, 239-247. (From: Radio- 
therapeutische Klinik und Poliklinik und 
Augenklinik der Universitat, Zürich, Swit- 
zerland.) 


A large, mainly suprasellar, hypophyseal tumor 
produced progressively more optic chiasmal symp- 
toms in a sixty-seven year old man in spite of a tu- 
more dose of 6,000 r from a cobalt teletherapy unit. 
The patient refused surgical treatment. Six yttrium 
go rods (2.5 me each) were introduced transnasally 
and transsphenoidallv, three into each side of the 
sellar-suprasellar region on May 6, 1960. This 
yielded approximately 20,000 rads at the center of 
the treated volume and 3,000-5,000 rads at the 
periphery of the tumor as demonstrated on a pre- 
operative air encephalogram. The patient gradually 
improved; in two months his visual fields were en- 
larging. Re-examination on September 26, 1960 
showed that his visual fields had become considerably 
larger, enough so that he could again be gainfully 
employed without hazard, and skull roentgenograms 
showed that the yttrium 90 rods had shifted with 
shrinking of the tumor, to he almost entirely within 
the sella.—Henry С. Moehring, M.D. 
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ORAL CANCER: A TWENTY-FIVE YEAR STUDY* 


JANEWAY 


LECTURE, 1961 


By CLIFFORD L. ASH, M.D. 


TORONTO, ONTARIO, CANADA 


To have been chosen Janeway Lecturer for 
1961 is indeed a great honor, particularly so 
as I believe that I am the first Canadian and 
the second person outside the United States 
to whom this privilege has been extended. Dr. 
Henry Harrington Faneway (1873-1921) 
epitomizes the type of early worker in radia- 
Hon therapy to whom we, the present genera- 
tion, owe so much. In the first Janeway Lec- 
ture delivered before this Society in 1933 Dr. 
“атез Ewing described Dr. Faneway’s suc- 
cess as being due to his scientific imagination, 
indomitable will, untiring industry, excellent 
surgical training, and a strong confidence in 
the ultimate capacity of radiation to control 
cancer. 

Dr. Janeway, I feel, would be pleased to be 
with us today because the subject that I have 
chosen is a splendid example of the applica- 
tion of his own particular interest and belief; 
namely, the coordinated efforts of surgery and 
radiation therapy in the treatment of malig- 
nent disease. For my own part I wish to ex- 
press my indebtedness to my teacher, the late 
Dr. Gordon E. Richards, to his and my sur- 
gical colleagues, so well represented by Dr. 
Harold Wookey, whose combined efforts in 


the management of oral carcinoma form the 
basis of much of the material that Г wish to 
present today. In choosing the subject of oral 
cancer it was realized that this had been 
covered in the Faneway Lecture of last year 
under the broader title of "Head and Neck 
Cancer”: in no sense do I intend to compete 
with, but rather hope to complement, what Dr. 
MacComb had to say to you at that time. 


HE era following the death of Dr. 

Janeway was marked by such a rapid 
increase in medical knowledge and com- 
plexities of practice in the fields of medi- 
cine, surgery, obstetrics and gynecology, 
and radiation therapy as related to the 
management of malignant disease that it 
became obvious that, unless there was close 
cooperation between these various specialty 
groups, there would be a very real danger 
of development of opposing schools of 
thought. As an alternative, it was believed 
that by a combination of effort the true 
role of each form of treatment in the man- 
agement of malignant disease would be 
determined and in this manner the best in- 
terests of the patient would be served. Ac- 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961, 
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cordingly, combined clinics were estab- 
lished in the Departmert of Radiotherapy 
at the Toronto General Hospital at which 
representatives from the interested spe- 
cialties were in attendance, not only for the 
purpose of seeing new patients, but to take 
part in the follow-up of old patients as 
well. The oral clinic for example, had 1 
attendance not only a radiotherapist, but 
also a surgeon interested in "head and 
neck" problems and a dental surgeon. In 
this manner treatment policies меге 
evolved. 

With the rapid development of radio- 
therapeutic methods and equipment fol- 
lowing the last war, and particularly with 
the availability of supervoltage equip- 
ment such as cobalt 60 units for therapy, 
a decision had to be reached as to whether 
or not individual hospitals could justifiably 
maintain fully equipped radiotherapeutic 
departments from an economic point of 
view, based on the case load. In 1949, at 
the request of the Provincial Government, 
the President of the University of Toronto 
set up a committee to study this problem in 
relation to the teaching hospitals in To- 
ronto. From this group a recommendation 


was made that a centralized Institute of 


Radiotherapy should be established, which 
would be common to the teaching hospitals. 
This recommendation was implemented 
and has now materialized in the form of 
The Ontario Cancer Institute, which in- 
corporates under the same roof not only 
The Princess Margaret Hospital, but also 
Divisions of Biological and Physics Re- 
search. It is indeed an experiment in 
cooperation. Under the aegis of the Uni- 
versity five teaching hospitals, in addition 
to our own, are pooling their resources in 
an ettort to give patients the best treat- 
ment possible. An added impetus to our 
work is the stimulation afforded by the re- 
search divisions, which together form the 
nucleus for the Department of Biophysics 
of the University cf Toronto. 

Although radiotherapy is the main form 
of treatment in this institution, other forms 
of therapy, excluding major surgery, are 
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also used. Surgical treatment, in our opin- 
ion, is better carried out at the associated 
general hospitals from which the patients 
have been referred. Our oral clinic, as pres- 
ently constituted, i is attended by staff ra- 
diotherapists, “head and neck" surgeons 
from each of the three major teac hing hos- 
pitals, and dental consultants from the 
School of Dentistry of the University. 

To place the problem in perspective, it is 
of interest to note that in Canada the in- 
cidence of intra-oral cancer is арргохі- 
mately 4.0 for males and 1.2 for females 
per 100,000 population. The incidence in 
males is somewhat lower than that re- 
ported by Dorn (7.0) for the white popula- 
tion of the United States. The incidence in 
females reported by Dorn (2.0) is com- 
parable to our experience in Canada. In 
one province of Canada, in which cancer 
is a registrable disease, intra-oral cancer 
constituted approximately 2.5 per cent of 
the total of 18,138 cases. Of all cancer 
deaths in Canada intra-oral cancer ac- 
counts for 3 per cent in males and 1.1 per 
cent in Еа These figures, however, in- 
clude cases of cancer of the lip, which 
would make them slightly higher than they 
probably are. 

The present study is based on all cases 
registered, whether treated or not, of 
squamous cell carcinoma, or its variants, 
which have not received previous treat- 
ment and which were judged to have orig- 
inated in the tongue, buccal mucosa, gin- 
giva, floor of mouth, and palate; but does 
not include carcinomas of the lip, tonsil, or 
oropharynx. Between the years 1929 and 
1958, 1,944 cases in this category were 
registered. The distribution of these by 
site is shown in Table 1. 

The average age and sex distribution are 
indicated in Table п. Although oral car- 
cinoma continues to occur predominantly 
in males, there has been a definite change in 
the sex distribution for most sites analy zed 
by decade. Figure 1 shows the percentage 
distribution for male and female. It is to be 
noted that in carcinoma of the tongue, the 
male-female ratio dropped from 4:1 for the 
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MALE Ё B 1939-48 
DISTRIBUTION BY SITE, 1929-1928 FEMALE O € 1949-98 
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Site Мыз 

| Cases 
Tongue | 763 
Buccal mucosa | 406 
Gingiva | 423 
Floor of mouth | 219 
Palate | 133 
i К | 
All cases | 1,944 


early years to 2:1 for the last decade of the 
study. A similar change is noted for gin- 
gival and floor of the mouth lesions. 
Possible predisposing or etiological fac- 
tors (Table 111) were recorded in 68 per 
cent of the cases, and no statement was 
made as to their presence or not in another 
1g per cent. It is interesting to note that 
syphilitic infection was present in but 4.6 
per cent of cases, and most of these oc- 
curred in the earlier years of the study. 
However, this infection should continue to 
be borne in mind when assessing oral le- 
sions. Within the past six months the case 
shown in Figure 2 was seen in our clinic and 
the presence of syphilitic infection was not 
suspected by the more Junior members of 
the staff, although to those of us who had 
seen such lesions when syphilis was геја- 
tively more common, it would have been 
immediately thought of. In 43 cases of car- 
cinoma of the tongue that subsequently de- 
veloped multiple intra-oral primary le- 
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AVERAGE AGE AND SEX DISTRIBUTION, 1929-1958 











Male | Female 


Buccal 
mucosa 
Gingiva 
Floor of 
mouth 
Palate 


Total 








40 ~i 


20 4 














Buccol 
Mucosa 


N 
Fioor of Gingiva 


Mouth 


Polate 


Fic. т. Percentage distribution by sex and decade. 
Intra-oral cancer, 1929-1958. 


sions, one or other of the above factors 
were recorded in all but 14 cases. 
STAGING 

The staging used in the tables here in- 
cluded represents the stage of the primary 
lesion when first seen according to the 
Richards classification. This classification 
has been employed in our entire series and 
was first presented at the Forty-first An- 
nual Meeting of the American Roentgen 
Ray Society in 1940. It is essentially the 
same system as now proposed by the Inter- 
national Union Against Cancer, using a 
TNM nomenclature in which the primary 
and secondary lesions are staged sepa- 


Taste Ш 
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RECORDED ETIOLOGICAL FACTORS 





Etiology 





Per Cent 
Trauma (dental, mechanical) 15.8 
Tobacco 13.7 
Leukoplakia 8.7 
Syphilis alone 2.4 
—68.2 
Syphilis with other factor 2.1 
Alcohol 1.8 
Anemia o.8 
Chronic inflammation т.о 
Other, or combination 23. 3 
Not stated 9.1 
31.8 


None 12.3 
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Fic. 2. Syphilitic tongue with squamous cell 
carcinoma change on right side. 


rately. Tables 1v and v give the details of 
the two classifications. 

To determine the effect that the pro- 
posed international staging would have 
on our material, the cases were re-staged 
according to this method. A comparison of 
the two systems is shown in Tables vi and 


Taste IV 


THE RICHARDS CLASSIFICATION 





1. Primary Lesion 


Stage 1—A unilateral or single lesion measuring not 
more than 1.5 cm. in diameter 

Stage 11—4 lesion not larger than 3 em. in di- 
ameter with a corresponding degree of 
ulceration or infiltration 

Stage 11— A lesion greater than 3 em. and/or invad- 
ing adjacent structures 

Stage 1v— A lesion characterized by massive involve- 
ment of the region and gross extension to 
adjacent structures or bone 


2. Secondary Involvement 


Stage 1—Small, discrete, movable, unilateral, oper- 
able 

Stage r— Larger, up to the size of olives, still dis- 
crete, unilateral or lymph nodes as de- 
scribed in (1) but which are bilateral, 
operable 

Stage 111—Massive metastatic carcinoma in lymph 
nodes, matted and immovable, may be 
unilateral or bilateral, inoperable 
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Tape V 
U.LC.C. PROPOSAL FOR ТХМ CATEGORIES, ORAL CAVITY 
T—Primary Tumor 
T —Tumor of 1 cm. or less in its greatest dimen- 
sion 
—Limited to one region-- Mobility not affected 
T;—Tumor more than 1 em. but not more than 
2 cm. in its greatest dimension 
-Limited to one region— Mobility not affected 
T;—Tumor more than 2 cm. but not more than 
$ cm. In its greatest dimension 
or Tumor invading more than one region 
or Tumor invading muscle with limitation of 
mobility 
T'i—Tumor of more than $ cm. in its greatest di- 
mension 
or Tumor invading neighboring organs or bone 


N— Regional Lymph Nodes 


No—No regional lymph nodes palpable 

N,—-Homolateral lymph nodes palpable but mov- 
able 

N»—Contralateral or bilateral lymph nodes palp- 
able but movable 

№, Fixed lymph nodes 

M — Distant Metastasis 

Mo—No evidence of metastasis 

M — Distant metastasis present 


vit. It is to be noted that the limitation of 
г ст. as the upper limit of Stage т lesions 
and 2 em. as that for Stage 11 tends to place 
the bulk of the material to be classified in 
Stages 11 and 1v. As a result, division of the 
cases into early lesions, comprising Stages 
1 and n, and late lesions, comprising Stages 
im and ту, places a large proportion of the 
cases in these latter stages, whereas in the 
system currently in use the division be. 
tween early and late stages was more 
nearly equal and, for purposes of compari- 
son with surgical results would, in the 
author's opinion, seem to lend itself better 
to the division between operable and in- 
operable cases. 


FIVE YEAR SURVIVAL RATES 


Of the 1,944 cases only 1,729 are avail- 
able for estimate of five vear survival. 
Survival rates are usually computed as 
either crude or adjusted. Crude survival 
rate (CSR) is the percentage of patients 


em 
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Site 


Tongue 

Buccal mucosa 
Gingiva 

Floor of mouth 
Palate 
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Tase VI 
ORAL CARCINOMA, 1929-1958 


COMPARISON OF STAGING METHODS 
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ТАв„Е VH 
ORAL CARCINOMA, 1929-1958 


COMPARISON OF STAGING METHODS 


Lymph Nodes 





N: | Кп 

















малны ы Мн De = Е endi EIS PRECOR 

Tongue | ng 12 39 1 a9 | тоо | 

Buccal mucosa | 7 3 | 3 40 | 

Gingiva | 96 | 7 | 8 | 38 | 

Floor of mouth | 27 | 17 | 6 | 25 | 

Palate | 18 6 10 | | 
All sites | 343 333 | 72 | &6 









Tongue 

Buccal mucosa 
Gingiva 

Floor of mouth 
Palate 


All cases 


* Rates not calculated for fewer than 10 cases, 
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CRUDE FIVE YEAR SURVIVAL RATES BY SITE AND STAGE, 1929-1958 
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Taste IX 


NET FIVE YEAR SURVIVAL RATES BY SITE AND STAGE, 1929-1955 





- No. of ә 
Site Cases І 
CF 
Tongue 671. | 65.7 | 
Buccal mucosa X4 | $3 | 2 
Gingiva | 383 | 54.5 | so 
Vloor of mouth | Е И М 
Palate | iz 1 B33 T 
All cas 1,729 68.8 5С 


* Rates not calculated for fewer than то cases. 


under observation who were alive and 
traced at the end of N years. The adjusted 
survival rate (ASR) is the percentage of the 
expected number of survivors at N years, 
based on prevailing mortality rates, who 
were alive at the end of N years. This is 
usually computed as CSR-P,, where P, 
is the probability of survival for N vears 
calculated from the appropriate life table. 
Table уш indicates the crude survival rate 
for each site. There was a 96 per cent fol- 
low up in our material, 

Table ix shows the net survival rates 
which result when the 62 untraced cases 
and the 254 cases dying of extraneous dis- 
eases were excluded. Finally Table x in- 
dicates the adjusted survival rates and 
gives a clearer picture as to what has been 
accomplished by treatment. It is to be 








Stage of Primary 





a All 
i iv n.s. | Stages 
ez i C. | or | УО 
iG i 26 7@ i 

23.2 8.4 * 34.8 
36.9 6.4 T 47.6 

6 1.0 28.1 * 18.0 

4 31.9 21.4 * 40.5 

.5 24.1 16.7 * 34-1 


1 
n 
me 
Fy 
^\ 
joo 
13 
H 
о 
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emphasized that the survivals shown are 
based on the stage of the primary lesions 
when first seen and represent the results ob- 
tained by the treatment policy which is 
practiced in our clinic and which has grad- 
ually evolved over the past thirty vears. 
TREATMENT POLICY 

In general, the treatment policy has been 
that the primary intra-oral lesions are 
managed by radiotherapy, while the meta- 
static nodes in the neck, wherever possi- 
ble are dealt with by surgical measures, 
preferably radical neck dissection. There 
are, of course, exceptions and occasionally 
very early primary lesions have been ex- 
cised as the initial treatment; however, in 
most cases, surgical treatment of the pri- 
mary lesion has been emploved for residual 


Taere X 
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П | 


Site | Cases (| 
| | 
won| DESEE dens d 
Tongue | 671 
Buccal mucosa | 174 
Gingiva | 383 
Floor of mouth | 184 | 
Palate | 





* Rates not calculated for fewer than то cases, 


ADJUSTED FIVE YEAR SURVIVAL RATES BY SITE AND STAGE, 1929-1955 


No. of |р 











Stage of Primary 








Tu A ee E | All 
n. s. | Stages 
07. | 
GO 
* 39.5 
à 47-1 
2: | 41.2 
á 5443 
* ^ 
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disease following radiotherapy, or for the 
complications of it, such as chronic ulcer, 
or where there is persistent bone involve- 
ment, or bone necrosis. On the other hand, 
radiotherapy has been used in the treat- 
ment of neck nodes in patients who are 
either technically or physically inoperable 
or, not uncommonly following neck dissec- 
tion, where it is considered that residual 
disease might still be present. Even in the 
more advanced cases of carcinoma of the 
gingiva with bone involvement, and par- 
ticularly since the advent of cobalt ther- 
apy, irradiation is employed as the initial 
treatment. In such instances the intent is 
to limit the disease and is regarded as a 
preoperative measure to be followed by 
surgery at a later date when necessary. 


METHODS OF TREATMENT 


During the period under review, marked 
changes and improvements have occurred 
in both the surgical and radiotherapeutic 
management. The field of surgery has been 
extended by improved anesthesia, anti- 
biotics and the development of newer 
techniques. In radiotherapy the major ad- 
vances have been made in a better appre- 
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ciation of radiobiological effects and a more 
detailed knowledge of the natural history 
and behavior of malignancies generally; 
finally, the equipment and facilities for the 
delivery of the radiotherapy have im- 
proved markedly. In the earlier part of 
the period under review, treatment usually 
took the form of one or other of the then 
recognized methods of applving radium, 
as tubes, molds or packs, needles, and 
radon seeds. In 1934, a 4 gm. Sievert 
teleradium unit was installed and in 1938, 
a major change in treatment procedures oc- 
curred with the addition of roentgen rays 
of доо kv. having a treatment distance of 
100 cm. and a half-value laver of 4.5 cm. of 
copper. At this time, too, an intra-oral 
cone attachment was installed on a 200 kv. 
machine. In the period 1938 to 1953, treat- 
ment was usually given by a combination 
of external irradiation at 400 kv., supple- 
mented either bv an intra-oral cone, or bv 
a radium needle implant or, very occa- 
sionally, by an intra-oral radium mold. 
With the advent of 400 kv. it was possible 
to deliver a tumor lethal dose to the area 
with less risk of tissue and bone necroses 
(Fig. 3, Z and B; and 4, Z and B). In 1949, 





Fic. 3. Extensive carcinoma of the left upper alveolus. Treatment was given in 1941 with 400 kv. roentgen 
rays plus intra-oral cone. (4) Pretreatment. (B) Three months post treatment. The lesion remained 
healed until the patient died in 1948 from another primary carcinoma. 
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Fic. 4. Carcinoma of the hard palate. Treatment was given in 1941 with 400 kv. roentgen rays plus intra-oral 
cone. (7) Pretreatment. (В) Four months post treatment. The lesion remained healed until death in 1946. 


half-strength radium needles were obtained 
for use in the central portion of the radium 
implants and as a result, the incidence of 
chronic ulcer following such treatment 
diminished (Fig. s, .7-C). In 1953, the first 
telecobalt beam therapy unit was installed 
and represented a further improvement in 
the treatment facilities with its skin and 
bone sparing effect. The use of wedge filters 
in conjunction with cobalt therapy has, in 
some instances, enabled a greater localiza- 
tion of maximum irradiation;to the tumor- 
bearing area (Fig. 6). 

More recently other sources of irradia- 
tion have become available, both for ex- 
ternal and interstitial therapy, which have 
economic and certain physical fcharac- 
teristics of advantage in the treatment of 
lesions at specific sites. Reference is made 
particularly to such sources as cesium 137, 
cobalt бо, gold 198, yttrium до, iridium 
192, and tantalum 182. This latter isotope, 
in the form of wire, is being used quite ex- 
tensively in our clinic as a substitute for 
radium, and we believe that it has certain 
definite advantages over the latter for some 
lesions involving the floor of the mouth, 
base of the tongue, and the buccal mucosa. 
Tantalum wire is highly malleable and 


ductile, so that the wires are easily cut to 
the exact length and bent to any desired 
shape. In order to obtain a uniform radia- 
tion field two strengths of wire are avail- 
able, one having about twice the linear in- 
tensity of the other. The wire is surrounded 
by 0.1 mm. platinum sheath to absorb the 
beta particles (Fig. 7, 4/-D). 

No attempt has been made in this study 
to go into all the intricacies of the wide 
variety of treatment methods and tech- 
niques. However, in reviewing the cases of 
the earlv period, one cannot help but be 
impressed with the clinical judgment and 
observation of the clinicians of those days 
who did not have accurate dosage tables, 
such as those of Quimby, Paterson and 
Parker, and Strandquist for their guidance. 
Calculation of the dosages then employed, 
particularly of implants, fall very well 
within the standard dosage tables currently 
in use. 

At the present time, small localized 
lesions without lv mph node involvement 
may be treated by radium implant or mold 
only (Fig. 8, 4-C). However, the majority 
of cases receives external irradiation, 
usually by means of cobalt 60 teletherapy, 
with or without wedge filters, and including 
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Fic. 5. Stage carcinoma of the tongue treated 
by radium needle implant. (4) Before 
treatment in June, 1954. (B) Radium 
needles in place. (C) Result 8 months later. 


not onlv the primary site, but also the ad- 
jacent lymph node areas. This may be the 
sole method of treatment but, where pos- 
sible, it is combined with an interstitial im- 
plant, in which case about half the tumor 
dose is given by each. The dose for im- 
plants is usually administered at the rate 
of 1,000 r per dav, while that for the ex- 
ternal irradiation is planned at 1,200 to 
1,500 г per week. 











Я : . т А . . ` TREATMENT RESULTS 
Fic. б. Dose distribution in case of carcinoma of the = К 
floor of the mouth treated with an anterior field In Table x1, an assessment of the con- 


and two parallel lateral fields, using wedge filters. trol of the primary lesion by initial treat- 
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Fic. 7. Carcinoma of the floor of the mouth. (4) Pretreatment. (B and C) Tantalum wire volume implant, 
3,000 rin 23 hours. The patient also had Co? external therapy, 3,500 r in 4 weeks. (D) Five months post 
treatment, 


ment is recorded. Bv "initial" treatment is 
meant that which has been accomplished 
within three months. The term “соп- 
trolled” indicates that the primary lesion 
remained healed for five vears, or until the 
death of the patient. In other words, the 
primary lesion no longer presented a prob- 
lem during the patient's life time or for 
the five vear period. Even in those cases in 
which initial treatment had not been suc 
cessful, subsequent treatment still afforded 


a reasonable chance of control (Table хи). 

Table xii shows the total control of the 
primary lesion ir. the entire series. This has 
been accomplished mainly by radiotherapy, 
but in some instances was combined with 
surgical methods. The role that surgery 
played in the management of the primary 
lesion is shown in Table xiv and was em- 
ploved in 239 cases. 

The distribution and control of the 
treated primary lesions of the tongue, ex- 
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Fic. 8. Carcinoma of the left upper alveolus 
in a nineteen year old girl. (4) Original 
lesion in 1951. (В) Appearance following 
tooth extraction. (C) Result 10 months after 
application of radium mold. The patient 
now is married and well 10 vears after 
treatment. 
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Taste X 
AB l CONTROL OF PRIMARY LESION BY 
CONTROL OF PRIMARY LESION BY INITIAL TREATMENT SUBSEQUENT TREATMENT 







































| Early Cases | Late Cases | Early Case Late Cases 
, ете регине : URL те oa ees 
Site | No. Рег Cent) No. | Per Cent Site ‚ No. | Per Cent) No. | Per Cent 
| of | Con- | of | Con- | | Con- | of | Con- 
| Cases trolled | Cases| trolled s| trolled | Cases, trolled 
Tongue 49.9 | 348 23.6 Tongue | 148 | §3-4 | 117 24. 
Buccal mucos 52.5 | 175 24.6 Buccal mucosa |. 85 ; 435 67 { 
Gingiva 3.0 | 256 26.2 Gingiva 66 | 42.4 | 116 
Floor of mouth 61.2 | 97 34.0 Floor of mouth 35 | 68.6 30 
Palate 54.1 bg 30.4 Palate 
a | n RE e 
All cases | 959 |. $1.6 945 26.0 All cases 
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Tape ХШ 


TOTAL CONTROL OF PRIMARY LESION IN 


Ac CASES 








Site | —— sisi 
| | "du ate “Total 
Тоо | 11.9 
Buccal mucosa 9: T. 34:3 
Gingiva | D | 43.0 
Floor of mouth 81.9 4 
Pala 67.3 “© 











All cases 
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ORAL CARCINOMA, 1629-1958 
SURGICAL TREATMENT OF PRIMARY LESION 





In Initial | In Subsequent 











| No. | Treatment Treatment 
Site | of | M RENE 
| Cases | | Per |. Per 
| Хо Cent | Хо Cent 
"Tome | 763 14 | 1.8 бо 7.9 
Buccal | | 
mucosa | 406! то 2.5 33 8.1 
Gingiva | ga 24 Dx 57 | 13.5 
Floor of | | 
mouth зу 6 2.4 23 10.5 
Palate ad 6 4.5 6 4.5 
Total 
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RECORDED INVOLVEMENT GF LYMPH NODES 





Per Cent with Nodes 
| | Involved 





Site 





Tongue 
Buccal mucosa | 
Gingiva | 
Е ma of mouth | 
Palate 


Total i 
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ORAL CARCINOMA, 19269-1952 


CRUDE FIVE YEAR SURVIVAL RATES BY LYMPH 
NODE INVOLVEMENT ON ADMISSION 





| " er Cent Survi val 





Site | of pon | 


Involved 


| Nodes Not 


Involved 








T ongue 
Buccal mucosa 
Gingiva | 
Floor of mouth | 
Palate 


- Pw Nun 
= 


ою юз o 


| 
i 
і 


Total 








CONTROL OF NECK NODES ay SURGICAL TREATMENT 
(WITH OR WITHOUT о 





Nodes M er 


On ^ Admission Later 





Site е | Per | | Per 
No. | Cent | No. | Cent 
OF Cons | | of | Con- 
Cases | trolled | Cases б trolled 
Tongue | 
Buccal mucosa 
Gingiva | 
Floor of mouth | 
Palate | 
Total | 206 





cluding 13 involving the whole tongue and 
5 cases with the site not stated, are graph- 
а illustrated in Figure 9. Space does 
not permit showing the distribution of 
lesions for all sites. With the possible ex- 
ception of carcinoma of the palate, the right 
side of the mouth was involved as often 
as the left. In the palate cases it was in the 
ratio of 4:5. The lower gingivae were in- 
volved two and a half times as frequently 
as the upper. Lesions of the buccal mucosa 
occurred just over twice as often in the 
lower as the upper half. 
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Taste ХУШ 
S RECEIVING SURGICAL TREATMENT 
| Ту ре of Operation 
s; | Total | No. Treated MM 
ike | Сазез | Surgically* ‘Bleek Other 
| | Dissection (Major) 
Wis ылыо „г. эг. дыла fers] ыз дыз йты. бозы oro 
Tongue | 281 53 205 23 
Buceal mucosa | 98 25 61 12 
Gingiva | 125 26 | &1 50 
Floor of mouth | 68 12 | 38 18 
Palate | 36 8 24 4 
TATE Жа nt T | ENS - MN A 
All cases 610 





* With or Кн radiotherapy, 


The adverse influence that lymph node 
involvement has on survival rates is well 
known and is demonstrated in the follow- 
ing tables. The incidence of lymph nodes 
in this series is shown in Table xv, with the 
highest incidence present in carcinomas of 
the tongue, and the lowest in buccal mu- 
cosal lesions. Table хут shows that with 
lymph node involvement on admission, 
the chances of survival are reduced by be- 
tween $0 per cent and 65 per cent. 


'The success of the surgical treatment of 


the neck nodes is shown in Table хуп. It 
is interesting to note here that nodes de- 
veloping later during the period of follow- 
up showed a higher proportion controlled 
than did those that were present on admis- 
sion. This likely indicates that they were 
discovered at an earlier stage in their de- 
velopment because of the close follow- -up 
policy. 

Finally, Table хуп shows the total num- 
ber of surgical procedures recorded that 
have been carried out on this entire series. 


DISCUSSION 


At the present time, the only way we 
have of assessing the effectiveness of treat- 
ment is by retrospective studies using, for 
example, the five vear survival. 

The possibility of predicting survival 
rates on the basis of limited past experi- 
ence, as suggested by Boag, is intriguing. 
This is the use of the maximum likelihood 





method to estimate or predict survival 
rate. To evaluate the method, we have 
punched on cards all the basic data of 
35,000 cancer patients who have been 
registered at our clinic. Any group of these 
patient records may be used to make a sur- 
vival table. It is possible, for instance, to 
take the patients treated for cancer of the 
tongue from 1940 to 1944 and determine 
how the record will appear on, say, Janu- 
ary I, 1945, or any other date desired. 
The survival curve forms the starting 
point for the prediction calculations which 
have been of several types. The whole pro- 
cedure is quite workable because the calcu- 
lations are carried out by an electric com- 


Base 

147 Cases 

61 Controlled 
42 % Controlled 








Dorsum 
48 Cases 
21 Controlled 
44% Controlled 


Lateral Margins 
524 Cases 
299 Controlled 

57 % Controlled 


Fic. 9. Result of treatment in 731 cases of cancer of 
the tongue based on location of the primary lesion. 
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Fic. то. Percentage crude survival curves of all 
patients treated between 1945 and 1949. 


puter (IBM 6:0) and require only a few 
minutes to complete. 

In Table хіх and Figure то a typical ap- 
plication of the technique for lesions of the 
tongue is given. The five-year survival pre- 
dictions were made just five years after 
treating the first patient. The agreement 
between the predicted and actual crude five 
year survivals obtained five vears later is, 
in general, very good. This has also proved 
to be the case when the method was applied 
to other cancer sites. 

This procedure should be a real help in 
assessing new developments in therapy in 
the coming years. 
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Tasie XIX 


COMPARISON OF PREDICTED AND ACTUAL CRUDE 










No. 









| Predicted 











Patients | Date › e Actual 
d | af | of | Crude | Crude 
Treated | Analysis | Patients! Survival | Survival 
1929-34 | 35 PO | 

1935-39 | Jan. 1940 | 30 








1940-44 | Jan. 1945 | 141 | zr. 
1945-49 | Jan. 1950 | 146 | 29. 
1950-54 | Jan. 1955) 162. | 28. 
1955-59 | Jan. 1960] 157 | 34. 


CONCLUSION 


A plea is made for continuing close co- 
operation between the various specialties 
dealing with malignant disease. In the case 
of intra-oral cancer it is believed that surg- 
ery and radiotherapy will continue to plav 
the major part in the management of these 
lesions for a number of years to come in 
spite of those who believe that a miracle 
drug or cure is just around the corner. Even 
in the event that such a cure becomes avail- 
able, one would still feel that surgery and 
radiotherapy would probably continue to 
be the treatment of choice for the earlier 
lesions at least, and such cure reserved for 
failures or for the more advanced cases. 


Ontario Cancer Institute 
соо Sherbourne Street 
Toronto 5, Canada 
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NECROSIS IN TREATMENT OF INTRAORAL CANCER 
BY RADIATION THERAPY* 


By WILLIAM S. MacCOMB, M.D. 


HOUSTON, TEXAS 


HE use of radiation therapy in treat- 

ment of patients with intraoral cancer 
will result in some degree of necrosis in a 
certain percentage of cases. Some radiation 
therapists are unwilling to accept the re- 
sponsibility for the care of the necrotic 
ulcers when they do arise, and so may be 
reluctant to administer a full tumor dose of 
radiation therapy to cancers of the intra- 
oral cavity, particularly those approximat- 
ing bone. If the therapist himself does not 
feel qualified to care for the patients pre- 
senting radiation necrosis, he should have a 
surgical colleague ready to accept the re- 
sponsibility and care of the patient when 
and if this complication arises. 

'The management of many of these can- 
cers is best carried out by means of a 
volume implant with radium needles of low 
intensity. The insertion of these needles 
should be accomplished by a competent 
therapist of experience with an adequate 
knowledge of the physics of radiation. Fol- 
lowing delivery of a full tumor dose of 
radiation to any given intraoral cancer, 
either by interstitial or by external radia- 
tion, the possibility of the development of 
necrosis must be recognized and proper 
treatment administered on its initial ap- 
pearance. Necrosis may appear within two 
to three months following completion of 
therapy or at any time thereafter. The dan- 
gers of attempting to re-irradiate tissues 
previously irradiated are apparent. To un- 
dertake such a task results in not only 
failure to control the cancer but also in the 
development of necrosis. 

The first effects of radiation by radium 
or roentgen ray on human tissues are 
hyperemia and edema. Fibrosis and telangi- 
ectasia of skin and mucous membranes do 


not begin to develop until several weeks to 
months later. Necrotic ulcers may present 
without a known initiating factor but 
usually some small trauma has been the 
true cause of the beginning breakdown of 
tissue. 

'The best treatment of radiation necrosis 
is prophylactic. Therapy carefully ad- 
ministered should produce necrosis in a 
minimal number of cases. Certainly no 
radiation of any kind should be given in a 
field previously irradiated. Therefore, once 
a course of radiation therapy has been 
started, it should be carried out to comple- 
tion without interruption until the full tu- 
mor dose desired has been administered. 

The edentulous patient has a better 
chance of avoiding necrosis than one with 
teeth. Since radiation therapy was first used 
in the treatment of cancer of the intraoral 
cavitv, the care of the teeth has been a 
pertinent and debatable question. Should 
all teeth in the field to be irradiated be ex- 
tracted? The consensus now seems to be 
that any teeth should be extracted which 
might need removal within the next twelve 
months. All others should be carefully 
cleaned. The patient must be given careful 
instructions as to the importance of good 
oral hvgiene, during and after the comple- 
tion of this course of radiation therapy. 
Frequent irrigations with warm salt and 
soda solutions are conducive to cleanliness 
and also to his comfort. The use of sodium 
perborate as a tooth powder is also of value 
in promoting good oral hygiene. Only the 
mildest of narcotics should be permitted 
and the use of mouth washes containing 
cocaine or its derivatives should be con- 
demned. 

Following the completion of irradiation 


* From The University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, Texas. 
Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 
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and after subsidence of the reaction, the 
routine for intraoral care, established during 
the course of therapy should be continued. 
Patients who have been treated by irradia- 
tion for lesions of the intraoral cavity, 
pharynx or larynx should not be permitted 
to smoke. Irradiated mucous membranes 
after the subsidence of the radiation reac- 
tion are devoid of their normal protection 
of mucus. Smoking tends to dry still more 
these mucous membranes, producing a 
more fertile field for the introduction of in- 
fection, subsequent to even the slightest 
trauma. Sharp Jagged edges of teeth fre- 
quently initiate the process. Partaking of 
foods at temperatures too hot for even nor- 
mal mucous membranes is a habit prevalent 
among civilized peoples. Coffee, tea and 
soup are the most common offenders in 
initiating necrosis. 

'The development of a necrotic ulcer in 
the site of the primary irradiation soon 
after the performance of a radical neck dis- 
section for management of metastatic cer- 
vical cancer has been observed, particularly 
if the operative procedure is done within 
three weeks following irradiation of the pri- 
mary tumor. Interference with the blood 
and lymph supply to the region of the pri- 
mary tumor seems to augment, if not 
actually to initiate, the production of 
necrosis at times. 

The patient in whom necrosis develops 
suddenly notices a small painful ulcer 
which enlarges rapidly. The irradiated 
edematous and fibrotic tissues with, bv that 
time, a decreased blood supply are unable 
to combat the local invasion of organisms. 
The presence of the saprophytes, native to 
the normal saliva, tends to produce a rapid 
extension of the necrotic process through- 
out the irradiated area. 

Any active treatment should be con- 
servative. All necrotic ulcers heal slowly 
and the exact situation should be explained 
early to the patient, particularly in regard 
to the long morbidity. With conservative 
treatment, the chance of obtaining a better 
functional and cosmetic result are far 
greater than with more radical measures. 
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These procedures should be avoided until 
all conservative means fail. 

The early or superficial area of necrosis 
should be treated by careful spravs and 
irrigations with warm mild solutions, 
preferably salt and soda. Zinc peroxide 
powder mixed with 1/6 per cent carboxy- 
methylcellulose in hydrogen peroxide to 
form a moderatelv thick paste has been 
found to be the most suitable medication in 
controlling the spread of the necrosis. 
Liberation of oxygen from this zinc per- 
oxide paste destroys the saprophytes and 
prevents the spread of the necrosis. Later, 
this medication promotes healing in irra- 
diated membranes. Gauze of suitable size, 
soaked in this paste, should be kept in con- 
tact with the ulcer constantly. Dressings 
should be changed every three to four 
hours. If left in place too long, they harden 
and become uncomfortable to the patient. 
The potency of the paste is attenuated in 
three to four hours. If the replacement of 
the zinc peroxide dressing is not feasible 
during the night hours, gauze saturated 
with 5 per cent neomycin solution has been 
found to be fairly satisfactory. For those 
patients who are unable to tolerate the zinc 
peroxide paste because of the burning 
sensation caused by the hydrogen peroxide 
carrier, neohydeltrasol о.5 per cent has 
been found to be a good substitute. This 
solution, a neomycin-cortisone prepara- 
tion, should be used as a topical spray. 

Necrotic tissue should be cut away from 
the edges of the ulcer whenever necessary 
and feasible. The possibility of active 
bleeding at any time must be kept in mind. 
Ligation of afferent arteries should be done 
only when active hemorrhage seems to be 
imminent. Reducing the blood supply has 
been found to increase the spread of the 
necrosis. When all necrotic tissues have 
been removed, dressings of gauze saturated 
with acriflavine have been found to be ad- 
vantageous in promoting healing. 

With the involvement of the mandible, 
pain may develop to such a degree that 
alcohol block of the mandibular branch of 
the trigeminal nerve becomes mandatory. 


In many instances a partial resection of the 
jaw is indicated. Infrequently is complete 
resection of the mandible necessary. Re- 
moval of any portion of a jaw in such in- 
stances is best accomplished by the intra- 
oral route. Following section of the hori- 
zontal ramus of the ‘mandible at a chosen 
point, dissection is carried backward and 
upward toward the temporomandibular 


joint where disarticulation completes the 


procedure. The operation should be pre- 
ceded by a tracheostomy. The postopera- 
tive care of the patient is much more satis- 
factory if this minor procedure is per- 
formed, and postoperative complications 
such as obstruction to the air passages and 
pneumonia are minimized. A feeding tube is 
inserted through the nose, either at the time 
of operation or as soon as the patient is con- 
scious. The operative site is packed with 
gauze soaked in 2 per cent neomycin and 
kept in place for three to four days. Sub- 
sequent packings are changed twice daily. 
Preferably, zinc peroxide paste is used dur- 
ing the day and neomycin at night. Mouth 
irrigations are continued by the patients. 
Within a week to ten days the patient him- 
self should be able to change the packing 
with less discomfort than when done by 
another person. Pain which up to time of 
operative removal has usually been severe is 
found to be minimal soon after the removal 
of the mandible, and the use of narcotics 
may soon be unnecessary. Healing will be 
complete in about three weeks. The last 
area to heal will be the cut end cf bone in 
the anterior border of the wound. Seques- 
tration of small fragments of bone may 
continue here for several weeks. Rarely 
does a draining point develop in the sub- 
maxillary region from osteomyelitis in those 
patients in whom resection of the jaw has 
not been too long delayed and in whom the 
operative approach has been through the 
intraoral cavity, rather than through the 
submaxillary triangle. Following a partial 
resection of the jaw, operative defect is 
minimal and the cosmetic appearance but 
little impaired. Attempts to replace re- 
sected bone by means of grafts or prosthesis 
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have not been successful. Irradiated tissues 
do not take kindly to the insertion of 
foreign substances as prosthetic appliances 
and such attempts have now been aban- 
doned. The patient soon adapts himself to a 
soft diet and accepts without complaint the 
inability to wear a lower denture. 

If untreated, pain from necrotic ulcers 
soon becomes unbearable. | With the in- 
creasingly offensive odor, ingestion of food 
becomes difficult and the patient 15 rapidly 
reduced to a state of debility and inanition. 


INCIDENCE 


At M. D. Anderson Hospital during the 
past nine years (1952-1959, inclusive), 441 
patients have been treated for cancer of the 
intraoral cavity. In the tables, the anatomic 
sites are listed as follows: tongue, floor of 
mouth, gum and buccal mucosa. The in- 
dividual number of patients is listed for 
each site. Those treated before and after 
admission to M. D. Anderson Hospital 
have been listed separately. The number of 
patients in whom necrosis developed has 
been tabulated for each group, and in each 
case the degree or stage of necrosis has been 
classified. If the necrosis was minimal and 
healing occurred in from one to three 
months, the necrosis has been classified as 
superficial; if more extensive and healing 
resulted in three to six months, it was clas- 
sified as moderately advanced; and if still 
more extensive and healing was delayed 
for six months to a year or longer, it was 
classified as advanced. If bone was exposed, 
resulting in spontaneous or fragmented 
sequestration, it was also classified as ad- 

vanced; the final staging was the extensive 
bone involvement requiring resection of 
some portion of the jaw and was designated 
as very advanced. Deaths from hemor- 
rhage have occurred but were found to be 
from extension of recurrent cancer into 
major blood vessels, although probably the 
condition was augmented by the simultane- 
ous occurrence of the necrosis. Only one 
fatality resulted from extension of necrosis 
into major blood vessels with uncontrol- 
lable bleeding. 
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Taste I 


SQUAMOUS CARCINOMA OF THE ORAL TONGUE 
Торе осу Tene 





Total No. of Patients Treated 143 
Previously Treated 33 
Previously Untreated 110 
Treated by Radiation 97 
Necrosis 39 
Рег Cent 32.9 
ANALYSIS OF DATA ON NECROSIS 


OF INTRAORAL CAVITY 
CARCINOMA OF ORAL TONGUE 


In the years 1952-1959, inclusive, 143 
patients were treated for squamous car- 
cimona of the oral tongue. Of these, 33 had 
been treated before acmission to M. D. 
Anderson Hospital. One hundred and ten 
were untreated previously. Of these 110 
patients, 97 were treated by radiation 
therapy. Necrosis developed in 32, or 32.9 
per cent (Table 1). Of these 32 patients 4 
healed without any specific treatment, 21 
healed with conservative treatment only, 
and 4 required sequestration of bone or ex- 
cision of necrotic soft tissues. In 3 patients 
partial resection of the mandible was 
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necessary. One of these patients died of 


hemorrhage as the result of extending 
necrosis (Table 11). 

The type of radiation therapy used in the 
32 patients is shown in Table тп. Of the 4 
patients in whom healing resulted without 
any specific type of treatment, 2 received 
interstitial therapy, 1 external radiation, 
and 1 combined therapy. Of the 21 treated 
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Taste П 


SQUAMOUS CARCINOMA OF THE ORAL TONGUE 
treated 





32 patien ts of 97 





Healed Without Interference 


4 

Conservative Treatment Only 21 
Sequestration of Bone or Soft Tissue Excision 4 
Partial or Complete Resection of Mandible* 3 
Total 2 


3 


i 


* One patient died of necrosis. 


conservativelv, 13 received interstitial ra- 
diation, 2 external radiation and 6 a com- 
bination of both external and interstitial ra- 
diation. Of the 4 patients requiring seques- 
tration of bone, 3 received interstitial radia- 
tion and 1 both external and interstitial 
therapy. The 3 patients requiring resection 
of the mandible, of whom 1 died of hemor- 
rhage, were treated bv a combined external 
and interstitial radiation. 

Table 1v shows the average elapsed time 
following irradiation before the develop- 
ment of necrosis according to the tvpe of 

radiation. used. In 7 patients, necrosis 
developed in the interval of one to three 
months; 6 of these received interstitial and 
1 external radiation. In 9 patients necrosis 
appeared in three to six months. Four of 
these received interstitial, 1 external, and 4 
combined external and interstitial radia- 
tion. In 7 patients necrosis developed in six 
months to one year. Four of these received 
interstitial radiation, 1 external and 2 com- 
bined radiation therapy. Necrosis did not 
develop in g cases until the lapse of one 


Taste Ш 


22 
ie 


NECROSIS IN 





PREVIOUSLY UNTREATED CASES OF CARCINOMA OF THE ORAL TONGUE 
Treatment According to Type of Radiation 














Healed without Conservar ye 


Sequestration 


Type of Resection of Total 
Therapy Treatment Treatment of Bone Mandible Der 
Interstitial 2 13 3 I 19 
External 1 2 о o 3 
Interstitial and External I 6 I 2 10 
Total 4 21 3* 32 





* One died as result of necrosis. 


Taste IV 
NECROSIS IN 32 PREVIOUSLY UNTREATED CASES 
OF CARCINOMA OF THE ORAL TONGUE 
Time of Appearance of Necrosis 
Following Irradiation 








6 mo. Longer 








Type of 1-3 306 ; 
E UE to than Total 
Therapy mo. mo. 

: Pyro P yr. 
Interstitial 6 4 4 7 21 
External I 1 I о 3 
Interstitial and 

External о 4 2 2 8 


Total 1 9 7 9 32 


vear. Seven of these patients received 


interstitial therapy and 2 combined ex- 
ternal and interstitial radiation. 


CARCINOMA OF THE FLOOR OF THE MOUTH 


Ninety-nine patients were treated for 
squamous carcinoma of the floor of the 
mouth at M. D. Anderson Hospital from 
1952—1959, inclusive. Of these, 17 had been 
treated previously. Of the 82 untreated, 69 
received radiation therapy and 39, or 56.5 
per cent, developed necrosis to some degree 
(Table v). Of these 39 patients, none healed 
without interference. Twenty-two healed 
with conservative treatment only. Six re- 
quired sequestration of bone or minor 
excisions of soft tissue, and 11 patients re- 
quired partial resection of the mandible 
(Table v1). 

Of the twenty-two patients who healed 
with conservative treatment, 11 had inter- 
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TasLe V 
SQUAMOUS CARCINOMA OF THE FLOOR OF THE MOUTH 


1952-1959, Inclusive 








Total No. of Patients Treated — 99 


Previously Treated 17 
Previously Untreated 82 
Treated by Radiation 69 
Necrosis 39 


Per Cent 


56.5 


Tage VI 
SQUAMOUS CARCINOMA OF THE FLOOR OF THE MOUTH 


Necrosis—39 Patients of 69 Treated 








Healed without Interference о 


Conservative Treatment Only 22 
Sequestration of Bone or Soft Tissue Excision 6 
Partial or Complete Resection of Mandible 1 

Total 39 


stitial therapy, 1 had external therapy, 7 
had interstitial and external therapy, and 3 
had surgical treatment and radiation (Table 
vit). Of the 6 patients in whom sequestra- 
tion of bone was necessary, 2 had inter- 
stitial therapy, and 4 interstitial and ex- 
ternal therapy. In those cases where resec- 
tion of the mandible was necessary, 2 had 
interstitial therapv, 3 had external therapy, 
5 interstitial and external therapy, and т 
radiation and surgery. Reading across, 
Table уп shows that 15 patients of the 
group of 39 developed necrosis following 
interstitial therapy, 4 after external ther- 


Tase УП 


NECROSIS IN 39 PREVIOUSLY UNTREATED CASES OF CARCINOMA OF THE FLOOR OF THE MOUTH 








Treatment According to Type of Radiation 





Healed without Conservative 












Type of Sequestration Resection of Total 

Therapy Treatment Treatment of Bone Mandible Ves 
Interstitial о I 2 2 15 
External o 1 o 5 4 
Interstitial and External о 4 4 5 16 
Surgery and Radiation о 3 o 1 4 
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Taste VIH 
NECROSIS IN 39 PREVIOUSLY UNTREATED CASES OF 
CARCINOMA OF THE FLOOR OF THE MOUTH 


Time of Appearance of Necrosis 
Following Irradiation 









{ . б mo. Longer 
Type of I-3 3-6 ae 
Dur "m to than Total 
Therapy mo. mo. 
; туг. туг 
Inters 6 4 I 15 
External 1 о I 2 4 
Interstitial and 
External I 7 5 1 t6 
Surgery and 
Radiation 2 I о 1 4 
Total 8 14 10 7 39 


apy, 16 after combined radiation therapy 
and 4 after radiation and surgery. 

Table упт shows the time interval in the 
development of necrosis in the 39 patients. 
In 8, necrosis occurred in one to three 
months after treatment, in 4 following in- 
terstitial radiation, in 1 after external radia- 
tion, in т after interstitial and external 
radiation, and in 2 following surgery and 
radiation. In 14 patients necrosis developed 
from three to six months following treat- 
ment, in 6 after interstitial therapy, in 7 
after interstitial and external radiation, 
and in i after surgery and radiation. In 10 
patients necrosis appeared six months to 
one year after treatment, in 4 following 
interstitial therapy, in 1 after external 
radiation and in § after interstitial and ex- 
ternal radiation. In 7 patients necrosis did 
not develop until after one year, in 1 fol- 
lowing interstitial therapy, in 2 after ex- 
ternal radiation, in 3 after interstitial and 


Taste IX 
SQUAMOUS CARCINOMA OF THE BUCCAL MUCOSA 


1952-1959, Inclusive 












Total No. of Patients Treated 
Previously Treated 21 
Previously Untreated 65 
Treated by Radiation 47 
Necrosis 16 
Per Cent 34 
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Tase X 
SQUAMOUS CARCINOMA OF THE BUCCAL MUCOSA 


Necrosis—16 Patients of 47 Treated 





Healed ти аве i 
Conservative Treatment Only 8 
Sequestration of Bone or Soft Tissue Excision 4 
Partial or Complete Resection of Mandible 3 

Total 16 


external radiation, and in t after surgery 
and radiation. 


CARCINOMA OF THE BUCCAL MUCOSA 


Eighty-six patients compose the group 
with squamous carcinoma of the buccal 
mucosa. Twenty-one had been treated pre- 
viously; 65 were untreated before admis- 
sion. Of these, 47 were treated bv radiation 
and in 16, or 34 per cent, necrosis to some 
degree developed (Table Іх). In 1 patient 
the necrosis healed without interference, 8 
received conservative treatment onlv, 4 re- 
quired sequestration of bone or soft tissue 
excision and in 3, partial resection of bone 
was necessary (Table x). 

When the data are analvzed as to the 
type of therapy used in this group of pa- 
tients, it 1s found that the 1 patient who 
healed without treatment received inter- 
stitial and external therapy. Eight patients 
healed after conservative treatment only, 5 
having been treated by interstitial therapy, 
2 by combined external and interstitial 
therapy and : by surgery and radiation. 
Four patients required sequestration of 
bone, 2 who were treated by interstitial 
radiation, 1 by external radiation and 1 by 
combined external and interstitial therapy. 
Three patients had resection of the man- 
dible. Two of these patients were treated 
by external radiation and 1 by combined 
external and interstitial radiation (Table 
х1). 

In these 16 patients, necrosis did not 
appear until after the lapse of one year in 

patients, 5 having received interstitial 
radiation and 2 combined interstitial ther- 
apy and surgerv. In 6 patients, necrosis de- 
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ТавіЕ XI 


NECROSIS IN 16 PREVIOUSLY UNTREATED CASES OF CARCINOMA OF THE BUCCAL MUCOSA 















Type of Healed without Conservative Sequestration Resection of 
Therapy Treatment Treatment of Bone Mandible 
Interstitial o 5 2 о 7 
External o о 1 2 3 
Interstitial and External 1 2 І 1 5 
Surgery and Radiation o І о о І 
Total 1 8 4 3 16 








veloped from six months to one year after the 38 were treated by radiation only and 
therapy, 2 having been treated by inter- 21 by the combined planned approach of 
stitial radiation, т by external radiation, 2 radiation and surgery. In the group of 17 
by combined therapy and т by surgery and patients treated by radiation only, 1 was 
radiation. In т patient treated by combined lost to follow-up and 3 died of disease 
radiation therapy, necrosis developed three from two to eight months after treatment 
to six months after treatment. In 2 patients (Table xi). Of the 6 patients in whom 
who had received external radiation, necro- necrosis developed, 3 healed with conserva- 
sis developed one to three months after tive treatment only, 1 required sequestra- 
treatment (Table хи). tion of bone and in 2 patients resection of 
the mandible was necessary (Table xiv). 
CARCINOMA OE EME LOWER GUM In the 6 instances of necrosis resulting 
In the group of 111 patients treated for 
squamous carcinoma of the lower gum, Taare ХПІ 
35 had been treated previously and 76 SQUAMOUS CARCINOMA OF THE LOWER GUM 
were untreated. Of the 76 untreated before 


. 19: 
admission to M. D. Anderson Hospital, 38 





1959, Inclusive 











were treated by radiation and 6, or 16.2 Total No. of Patients Treated 111 
Р, Р Ў 3 a a 

per cent, developed necrosis. Seventeen of Previously Treated 35 

Previously Untreated 76 

. Е Treated by Radiation* 38 

Taste XII Necrosis 6 


NECROSIS IN I6 PREVIOUSLY UNTREATED CASES OF E 
CARCINOMA OF THE BUCCAL MUCOSA Per Cent 16.2 


Time of Appearance of Necrosis 
Following Irradiation 


* 17 treated by radiation only (1 lost to follow-up, 3 died of 


disease two to eight months after treatment), 21 treated by 
Festes munem mU E MU T E dU er dee eU eee ee radiation and surgery. 


6 mo. Longer 





Д ypeof fe^ abo to than Total Taste XIV 
Therapy mo. Mo. ye elle 
ы in SQUAMOUS CARCINOMA OF THE LOWER GUM 
Interstitial a © 4 5 7 Necrosis—6 Patients of 37 Treated 
External 2 о 1 о 3 paces cm е ЧИ нат dorem EAD ROSE adi iens TCE еа =n — 
Interstitial and Healed without Interference o 
Surgery о I 2 2 5 Conservative Treatment Only 3 
Surgery and Sequestration of Bone or Soft Tissue Excision 1 
Radiation o o 1 o I Partial or Complete Resection of Mandible 2 


Total 2 I 6 7 16 Total 6 
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Taste XV 


NECROSIS IN Ó FREVIOUSLY UNTREATED CASES OF CARCINOMA OF THE LOWER GUM 





Treatment According to Type of Radiation 











Type of 








ed without Conservative Sequestration Resection of 








Heal Total 
Treatment Treatment Treatment of Bone Mandible ` 
Interstitial о I о о 1 
External o 1 i 2 4 
Interstitial and External o 1 o о 1 
Total o 3 1 2 6 
from radiation therapy of carcinoma of the floor of mouth, buccal mucosa and gum 


lower gum, 1 patient had been treated by 
interstitial radiation, 4 by external radia- 
tion and 1 by combined radiation therapy. 
The one patient requiring sequestration of 
bone was treated by external radiation, 
and both of the patients having resection 
of the mandible had been treated by ex- 
ternal radiation (Table xv). In 4 patients 
of this group necrosis developed in one to 
three months, in 1 following interstitial 
radiation and in 3 after external radiation 
therapy. In 1 patient, treated by com- 
bined radiation, necrosis developed in the 
three to six month period and in 1 follow- 
ing treatment by external radiation after 
one year (Table xvi). 


CARCINOMA OF THE INTRAORAL CAVITY 


Analysis of the data on necrosis of the 
combined anatomic sites of the tongue, 


Taste XVI 

NECROSIS IN 6 PREVIOUSLY UNTREATED CASES OF 
CARCINOMA OF THE LOWER GUM 
Time of Appearance of Necrosis 

Following Irradiation 





6 mo. Longer 





Type of 1-3 376 a 
np" Due y to than Total 
Therapy mo. mo. 

: lyr Yr. 
Interstitial І о © 1 
External d o 1 4 
Interstitial and 

External © 1 о 1 
Total 4 I 1 6 


shows a total of 439 patients treated, 106 
having been treated previous to admission 
and 333 who had been untreated. Of this 
latter group, 251 were treated by radia- 
tion, among whom 93, or 37 per cent, de- 
veloped necrosis to some degree (Table 
хуп). Five of the 93 healed without inter- 
ference, 54 healed by conservative treat- 
ment only, 15 required sequestration of 
bone or excision of soft tissues and in 17 
instances partial or complete resection of 
the mandible was necessary. Complete re- 
moval of the jaw was necessary in 2 in- 
stances (Table хуш). 


Taste ХУП 
SQUAMOUS CARCINOMA OF THE INTRAORAL CAVITY 


1952-1959, Inclusive 


'Total No. of Patients Treated 





439 
Previously Treated 106 
Previously Untreated 333 
Treated by Radiation 251 
Necrosis 93 


Per Cent 





Taste XVII 
SQUAMOUS CARCINOMA OF THE INTRAORAL CAVITY 


1952-1959, Inclusive 








without Interference 


Healed 5 
Conservative Treatment Only $4 
Sequestration of Bone or Soft Tissue Excision 15 
Partial or Complete Resection of Mandible 


Total 
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DISCUSSION 


Of the 93 patients who developed necro- 
sis, 22 were listed as early, or Stage 1 or и 
cases, while 71 were advanced, or Stage ш 
or Iv cases. Treating such lesions by radia- 
tion is hazardous and necrosis must be ex- 
pected in a certain percentage in order to 
eradicate the disease itself. Fifty-nine, or 
63 per cent of these patients, are now living 
and free of disease, one to eight and one- 
half vears since they were first seen and 2 
are living with disease. Thirty-two patients 
have expired, 16 of recurrent local disease, 
6 of metastasis, 6 of intercurrent disease 
and 4 of a second primary cancer. 

Since there was only 1 mortality due to 
necrosis in this series of 439 patients, it is 
evident that the hazard of necrosis must 
be accepted in order to deliver an adequate 
dose of radiation, thereby offering the pa- 
tient the best chance of cure of his disease. 
The morbidity of the necrosis is not to be 
ignored, but in the end the chances of a 
patient surviving, free of disease, are better 
than if less than a full tumor dose of radia- 
tion had been administered. 

Of this group of patients treated for 
squamous carcinoma of the intraoral 
cavity, the largest number of necrosis oc- 
curred in the floor of the mouth group; 
namely, 39 of the 69 previously untreated 
patients. Further analysis of this group 
seemed essential to determine the incidence 
of necrosis in relation to the involvement 
of the mandible by disease at the time of 
admission and also to the presence of the 
teeth at the time of administration of 
radiation therapy. It was found that 8, or 
20.5 per cent, showed exposure and in- 
vasion of the bone by the primary car- 
cinoma. Of the 8, 3 presented with teeth; 5 
were edentulous. The remaining 31 pa- 
tients, or 79.5 per cent, revealed no evi- 
dence of invasion of the bone by the pri- 
mary lesion. 

Thirteen of this group had two or more 
teeth in the field of the radiation treat- 
ments. In 3 of the patients, extraction of 
all remaining teeth was carried out before 
administration of therapy. The remaining 
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18 patients with uninvolved mandible were 
edentulous. The presence of teeth in the 
radiation field is obviously an aid to the 
entrance of infection with subsequent de- 
velopment of osteomyelitis and necrosis of 
bone. Whether or not the teeth are ex- 
tracted before radiation therapy seems in 
some instances to make but little differ- 
ence in the end result. At present the con- 
sensus seems to be that teeth which show 
evidence of probable need of extraction 
within the ensuing year should be ex- 
tracted before administration of radiation 
therapy whether or not they are to be 
included in the field of radiation. 

The type of radiation therapy used in the 
treatment of this group of 39 patients 
should also be noted. Sixteen were treated 
by interstitial therapy only. This type of 
therapy consisted of implants of radium 
needles of low intensity in all cases except 
in 1 instance where gold grains (Au) were 
employed. One patient of this group was 
treated by radium implants of low intensity 
following failure to control the disease by 
surgery. Three patients received intersti- 
tial radiation supplemented by conven- 
tional external radiation therapy and 14 
were treated by interstitial plus super- 
voltage therapy. Three patients received 
external therapy by supervoltage only, 1 
was treated by orthovoltage external radia- 
tion only and the remaining 2 received 
supervoltage and orthovoltage therapy 
combined. 

External radiation supplemental to in- 
terstitial radiation has not been used in the 
past two to three years when the con- 
sensus was that the possibility, if not the 
likelihood, of necrosis was enhanced by the 
combined approach. A little over a year 
ago, half rather than full intensity needles 
along the periphery of the lesion in juxta- 
position to the mandible became a part of 
the routine plan of treatment of floor of the 
mouth cancer. Both these alterations seem 
to have decreased somewhat the incidence 
of necrosis, but not enough time has vet 
elapsed to be certain of the significance of 
these changes. 
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CONCLUSIONS 


The possibility if not the likelihood of 
the development of necrosis in manage- 
ment of intraoral cancer by radiation ther- 
apy is always present if the therapist has 
been honest in his efforts to deliver a full 
tumor dose of radiation to the involved 
tissues. This hazard must be accepted, if 
patients with cancer of the oral cavity are 
to be treated adequately and cured. If the 
therapist is unwilling to accept the care 
and management of the necrosis when it 
does occur, he should have available a sur- 
gical colleague qualified to care for this 
complication of radiation therapy. 

The incidence of radiation necrosis in 
treatment of patients with cancer of the 
intraoral cavity at M. D. Anderson Hos- 
pital during the past nine years has been 
charted and insofar as the records have 
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permitted, the extent of the necrosis has 
been staged and the results tabulated. 
Close follow-up of all patients treated for 
cancer of the intraoral cavitv bv radiation 
is obviously required for necrosis may de- 
velop at any time, from a few weeks fol- 
lowing completion of therapy to the end of 
the patient's natural life. The dangers of 
attempting to re-irradiate a lesion pre- 
viously treated by radiation of any kind 
are quite evident and should be avoided. 
The importance of close cooperation be- 
tween the departments of radiation therapy 
and of surgery must be maintained in order 
to obtain the best treatment and end re- 
sult for the patient. 


The University of Texas M. D. Anderson Hospital 
and Tumor Institute 
Houston, Texas 
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DISTANT METASTASES FROM HEAD 
AND NECK CANCER* 
By SIDNEY RUBENFELD, M.D., GUSTAVE KAPLAN, M.D., and 
ADRIAN А. HOLDER, M.D. 


NEW YORK, NEW YORK 


T IS a prevalent impression that head 

and neck cancer seldom extends beyond 
the clavicle. The unexpected appearance 
of distant metastases in several patients 
with oral cancer prompted this survey, 
which revealed an incidence of 21 per cent. 
A search of the recent literature uncovered 
but few reports.???5 

The term "distant metastases" as em- 
ploved herein refers to growths arising 
from but not continuous with the primary 
tumor. Involved lymph nodes draining the 
original site are not considered metastatic, 
but are, indeed, a part of the primary dis- 
ease. Although the concept of lymph node 
contiguity is shared bv many, others, 
notably Ward and Hendrick" in their ex- 
cellent text, refer to the question of the 
draining lymph node as a separate phase 
of the tumor. 

This report is a clinical appraisal of meta- 
static disease from oral cancer, not an 
analysis of necropsy findings such as that 
presented in the classic study of Willis,’ 
or the review of the large number of au- 
topsied cases by Braund and Martin.** 

Malignant tumors spread into tissue 
spaces from whence the tumor cells enter 
the lymphatics. They may enter blood 
vessels by direct invasion or indirectly 
through the minute lymphatic channels 
surrounding the blood vessels.*?*!" The 
vertebral venous plexus, described by 
Batson, is a significant pathway for the 
venous spread of tumors. The plexus ex- 
tends along the entire length of the verte- 
bral column, communicating with the 
sacral, lumbar, intercostal, and neck veins, 
and those within the skull. Neoplasms near 
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Site | Case | with 

| 8505 | Metastases 
Antrum | 7 | 2 8 
Epiglottis | 5 | o o 
Larynx | 32 | 4 12 
Alveolar Ridge | 3 | 1 | 33 
Floor of the Mouth; 14 | 5 | 35 
Nasopharynx 18 | 7 |39 
Palate | 5 i I | 20 
Pharynx | 8 | 2 | 25 
Piriform Sinus | 5 | 1 |. 20 
Tongue | 24 | 1 | 4 
Tonsil [ooa 4 | 46 

Total | 132 
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this complicated series of veins may invade 
them. 


ANALYSIS OF MATERIAL 


Of a total group of 132 patients observed 
over a five vear period, 28 were found to 
have distant metastases, an incidence of 
21 per cent. 

Table 1 lists the anatomic sites of the 
original tumors and the number of metas- 
tases derived from each. It is true that the 
number of cases in each category is small; 
nevertheless, there are some trends that 
are worthy of emphasis. For instance, can- 
cers arising in the floor of the mouth, naso- 
pharynx and tonsil were more prone to dis- 
seminate to distant areas than those from 
the epiglottis or tongue. The tendency for 


* From the Department of Radiology, Manhattan Veterans Hospital, and the Department of Radiology, New York University 


School of Medicine. 


Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, Мау 11-13, 1961. 
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tumors of the nasopharynx to seek bone is бте of appearance of the secondary 
well recognized. lesions and the time of death in relation 

Table и and its graphic representation to the time of appearance of the secondary 
in Figure 1 record the primary sites of the foci. It is important at this point to note 
head and neck cancers, the clinical staging, that in 13 cases metastatic lesions were 
sites of distant metastatic deposits, the discovered at autopsy in addition to those 
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CLINICAL DATA IX 28 CASES OF DISTANT METASTASES FROM HEAD AND NECK CANCE 












































| | | Interval | | Interval | 
| S | | between | Location | between | 1 ast 
Case | ! nmary Staging | Diagnosis | of | Metastasis Diagnostic 
| Site | and | Metastasis | апа Method 
| | Metastasis | | Death 
| | | z 
A.A. Tonsi | § months | lung | 9 days | Roentgenography; 
А | | | postmortem 
С.Е. | Tonsil | Pr М; 8 months | lung | 3 months | Roentgenography 
T.McG. Tonsil | Pi N3 | s months | lung | — | Roentgenography 
T.R. Tonsil | P2 N2 | 12 months | lung 1 month. | Roentgenography; 
| | postmortem 
Е.В. Nasopharynx | Рі № | 12 months | bone, lung | 2 months | Roentgenography; 
| | postmortem 
Е.В. Nasopharynx | Рі N3 | 83 months | bone | — Roentgenography 
A.D. Nasopharynx | Pi N3 | 12 months | lung, bone | тт months | Roentgenography 
H.G. Nasopharynx | Рі № | 3 months | bone, distant | 34 months | Roentgenography; 
| | lymph node postmortem 
Р.К. | Nasopharynx | Ра N2 | 12 months | visceral, distant 4 months | Roentgenography; 
| | lymph node postmortem 
W.M. Nasopharynx | P4 N2 | 7 months | bone 4 months | Surgery 
5.5. Nasopharynx | P3 № | 1 month | lung | T year Roentgenography 
W.C. Pharynx | P2 N3 | 10 months | lung, bone 6 days Roentgenography; 
| | postmortem 
К.Н. Pharynx | P2 №2 | 21 months | bone 3 months | Roentgenography 
J.C. Antrum | P3 Nr | 2 months | lung, bone 2 months | Roentgenography; 
| | | | postmortem 
A.N. | Antrum | P2 Ма | 1 month | lung | = == 
A.D. | Floor of Mouth | Рт No | g34 years | lung, bone | 3weeks | Roentgenography; 
| | | postmortem 
R.B | Floor of Mouth | P1 № | 20 months | soft tissue 8 days Surgery; post- 
| | mortem 
L.K. | Floor of Mouth | Pi №2 | 5 months | bone 12 months | Roentgenography; 
| | | | postmortem 
D.M. | Floor of Mouth | | то months | lung | 43 months | Roentgenography 
J.M. Floor of Mouth | 5 month | bone | $$ months | Surgery 
C.H. | Larynx | 1 month | lung | 4 months | Roentgenography 
W.H. | Larynx P2 No | 24 months | lung | rmonth | Roentgenography; 
| | postmortem 
T.O. Larynx | Рз N3 | 34 months | lung, bone | 3 months | Roentgenography 
J.S. Larynx P2 N4 | о | bone | 2 months | Surgery; post- 
| | | А | | mortem 
G.H. Alveolar Ridge 6 months | bone | 2 months | Roentgenography 
I.N. Tongue Рі Nr | 3 months | bone, lung | 6 months | Roentgenography 
P.O. | Palate Рз N3 | 15 months | bone i 2 months | Roentgenography; 
| | postmortem 
P.R. Piriform Sinus | Рі N3 | 7 months | bone | 2years | Roentgenography 
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previously found during life. All but 2 pa- 
tients had lymph node involvement when 
first seen. The presence of distant metas- 
tases was an ominous sign in that, in the 
great majority of patients, death ensued 
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Fic. 1. Survival data for 28 patients with distant 
metastases from head and neck cancer. The cen- 
tral vertical line represents the time of diagnosis 
of secondary foci. The heavy horizontal bars to 
right of vertical line indicate survival time in 
months. The presence of distant metastases was 
generally an ominous sign for, in most cases, death 
occurred within a short period after their appear- 
ance. 





within a period of six months after their 
appearance. Patient A.D., who had had 
a slow growing lesion in the floor of the 
mouth for almost ten years, died within 
one month of the appearance of metastases. 
Patient R.B., also with an epithelioma of 
the floor of the mouth, of twenty months’ 
duration, died very shortly after the dis- 
covery of a secondary deposit. 

Table mt and Figure 2 show the location 
of distant metastases from the various 
primary sites. Bone and lung were the 
anatomic regions most frequently involved 
with secondary foci. Metastatic tumors 
were seen less often in the stomach, kidney, 
scalp, and distant lymph nodes (para- 
tracheal). 

Bone deposits occurred in 19 instances, 
predominantly in the ribs and spine. 
Roentgenographically, 15 were purely lytic 


Tague HT 


PRIMARY SITE RELATED TO MET 




















| 

a | No. | 
Primary BÉ | | 
Site Cases | Lung | 
| | | 
Nasopharynx | 7 | 2 | 
Piriform Sinus 1 | o | 
Alveolar Ridge | 1 | o | 
Tonsil 4 | 4 | 
Pharynx | 2 | 1 | 
Antrum | 5 | 2 | 
Floor of the Mouth | 5 | 2 | 
Tongue I | 1 | 
Larynx 4 | 3 | 
Palate | 1 | o | 


Total | 28 | 15 | 
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Fic. 2. An anatomic sketch showing the sites of 
distant metastases in the 28 cases in Table ni. 
Done metastases are listed on the left and soft 
tissue metastases on the right. The stomach and 
kidney lesions were diagnosed roentgenographi- 

cally in the living patient. 





in nature, 3 were blastic, and one area in 
the vertebra was mixed (Table ту). 

Secondary deposits in the hing presented 
no distinguishing features. In all instances 
but one, they were multinodular without 
predilection for any particular lung seg- 
ment. The one exception was a lymphog- 
enous dissemination proved at post- 
mortem examination. 


micrograph of the biopsy specimen of the rib lesion showing nests of poorly differentiated squamous cell 
cancer with single cell keratinization in a fairly dense fibrous stroma. 
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Fic. 4. Case п. (4) Diagram showing the location of a large mass in the left tonsillar fossa extending in- 
feriorly along the lateral pharyngeal wall. (H) Microscopic study of the primary tumor demonstrating 
a moderately well-differentiated squamous cell carcinoma with abortive pearl formation. (C) Roentgeno- 
gram showing parenchymal nodules, especially numerous at the base of the left lung. (D) Microscopic 
study of a lung nodule revealing undifferentiated carcinoma with uniform cells and no evidence of keratin 
formation. 


One nasopharyngeal tumor showed dis- 
semination to the stomach and kidney diag- Pave [V 
ncsed roentgenographically during life and 
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proved at necropsy. 




















Histologically, metastatic deposits may | [No.of |... | "EN 
show an increased degree of anaplasia.? Site | Cases | lote Blastie CM EDU 
The metastases in 6 of the 13 cases that ————— CI RN к peche 
went to autopsy, and in 3 of 4 patients est wa | 7 | 7 e | + 

А ы © » ar a : 2 2 1 
whose case histories are cited below, had UMDALopine | MA d o | 
Г teristic Ti . та] Dorsal Spine 3} (oo | о oh: о 
this characteristic. There is a gradual loss scapula oa г | o | o 
of distinguishing features in metastatic — Acetabulum "EM UN E EE MED 

| | i | 
tumors. Sacrum а Ж Он DEUM дф 
Opposite | | | 
REPORT OF CASES Mandible | j I o | o 
va | | кыы ша аек кини жни X 
Case 1. J.M., a fifty-three year old male, had Total | 19 | is 4 | $ 


ап extensive lesion along the floor of the 





446 


hic. 
nae sinus. 
noma with spindi 





5. Rubenfeld, С. Kaplan and A. A. Holder 





Maren, 


1962 


. Case ur C4) Roentgenogram demonstrating a large mass in the right arytenoid extending into the 
(B) Biopsy specimen of the lesion in Æ shows a poorly differentiated squamous cell carci- 
shaped cells in some areas. (C) Chest roentgenogram demonstr: iting a large osteolytic 


lesion in the left sixth rib. (D) Biopsy specimen of the lesion in C shows a metastatic epithelioma compa- 


rable in histologic character to the primary tumor. 


mouth and frenulur which was histologically 
proved to be a well-differentiated squamous 
cell carcinoma with keratinization (Fig. 3, 4 
and B). A chest roentgenogram revealed a large 

lytic area in the third e rib (Fig. 3C). A 
biopsy specimen from the rib showed nests of 
poorly differentiated squamous cell cancer with 
single cell keratinization in a fairly dense fibrous 
stroma (Tig. 3D). 


СА$Е IL А.А., a sixty-four year old male, was 
seen with a large fungating exophytic mass in 
the left tonsillar fossa extending inferiorly along 
the lateral pharyngeal wall (Fig. 4.7). A mas- 
sive 10X6 cm. left midjugular node was present, 
Roentgen therapy (with conventional energies) 

failed to reduce the tumor even after the de- 
livery of a tumor dose of 7,000 r in thi urty-five 
days. A chest roentgenogram revealed numer- 
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Fic. 6. Case ту. Roentgenograms demonstrating (7) an osteolvtic process in Ls and (B) a pathologie frac- 
ture of the ninth right rib (arrow), (C) Microscopic study of the primary lesion shows nests of moderately 
differentiated squamous cells with sheets and cords of poorly ditferentiated cells. (2) Microscopic study 
of the metastatic rib lesion shows nests and cords of rather uniform but undifferentiated tumor cells with 


no evidence of keratinization. 
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ous parenchymal nodules (Fig. 4С). 

Autopsy confirmed the roentgen finding. The 
primary tumor showed a moderately well-differ- 
entiated squamous cell carcinoma with abortive 
pearl formation (Fig. 4B). The lung nodules re- 
vealed completely undifferentiated cancer with 
uniform cells and without evidence of keratin 
formation (Fig. 4D). 


Case ш. J.S., a fifty-one year old white male, 
had a large mass in the right arytenoid and ex- 
tending into the piriform sinus (Fig. <7). The 
cords were uninvolved. A biopsy showed a 
poorly differentiated squamous cell cancer with 
spindle shaped cells in some areas (Fig. 5B). All 
the lymph nodes in the right cervical chain were 
enlarged. A roentgenogram was taken to evalu- 
ate the sudden appearance of pain in the left 
chest. A large osteolytic lesion was observed in 
the left sixth rib (Fig. $C). A biopsy of the rib 
lesion was done. This tissue revealed a meta- 
static epithelioma of poorly differentiated 
squamous cells quite comparable to the primary 
tumor (Fig. 5D). 


Case ту. М.С. a sixty vear old male with 
severe dysphagia and a weight loss of 25 pounds 
within six months, had a large ulcerated mass in 
the posterior pharynx with invasion of the right 
palate and glossopalatine fold. Bilateral sub- 
digastric lymphadenopathy was present. A 
roentgen survey disclosed an osteolytic process 
in Ls and a pathologic fracture of the ninth right 
rib in the axillary line (Fig. 6, 4 and B). The 
primary tumor had nests of moderately differ- 
entiated squamous cancer cells together with 
sheets and cords of poorly differentiated cells 
(Fig. 6C). The metastatic rib lesion showed 
nests and cords of fairly uniform but undiffer- 
entiated tumor cells with no evidence of keratin- 
ization (Fig. 6D). 


SUMMARY 


г. In a series of 132 patients with head 
and neck cancer, there were 28, or 21 
per cent, with distant metastatic foci that 
were diagnosed clinically. 

2. Tumors arising in the floor of the 
mouth, nasopharynx and tonsil were more 
prone to disseminate than primary tumors 
in the epiglottis or tongue. 

3. Bones and lungs were by far the pre- 
dominant sites of metastases. Bone de- 
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posits were principally osteolvtic and lung 
lesions were usually nodular. 


Sidney Rubenfeld, M.D. 
New York University 
College of Medicine 

$50 First Avenue 


New York 16, New York 


The authors express gratitude for aid in col- 
lecting and preparing this material to Mr. Ray- 
mond Kahn, Senior Technician and to the 
Medical Hlustration Department, Manhattan 
Veterans Hospital. 
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LOCALIZATION OF BRAIN TUMORS USING RADIO- 
IODINATED HUMAN SERUM ALBUMIN* 


By EDWARD B. SCHLESINGER, M.D., SHEILA peBOVES, B.A., and JUAN TAVERAS, M.D. 
NEW YORK, NEW YORK 


HE concept of extracranial localiza- 

tion of brain tumors by means of their 
differential uptake of gamma emitting 
labelled carriers is an attractive one. 
Brought to an efficient level, such a method 
would afford an excellent screening test 
before resort to more hazardous and 
onerous procedures such as pneumography 
or arteriography. 

Presently there are two sharply demar- 
cated techniques in the field of extracranial 
localization of brain tumors. These include 
the method proposed by Sweet and Brow- 
nell and others" of coincidence count- 
ing devices on the one hand and on the 
other a wide variety of apparatus with 
which, either manually or by mechanical 
tracking methods, gamma emitters are used 
for direct detection of mass lesions by the 
comparison of symmetric and adjacent 
areas throughout the cranial vault.*? In 
this laboratory the technique involving de- 
tection of gamma emitters, such as I?', was 
chosen deliberately over the one requiring 
the use of positron emitters for the follow- 
ing reasons: (1) the expense and rigidity in 
application of the arsenic method; (2) the 
lack of availability generally and the ex- 
pense of that and other cyclotron produced 
isotopes; and (3) the increased toxicity and 
radiation hazard of arsenic over iodine.” 

We feel that the method we have chosen 
deserves continuing technical develop- 
ment because of its safety from a public 
health standpoint, and its wide spectrum 
of usefulness in detecting intracranial 
space occupying lesions. 

Our requirements for a good method of 
extracranial tumor localization include the 
following desiderata: (1) a reasonably high 
rate of detection of expanding lesions of the 


cerebrum; (2) a negligible ratio of false 
positive results; (3) a reasonably discrete 
localization so that the area of suspicion 
can be accurately checked Ьу specific 
studies such as encephalography or angiog- 
raphy; and (4) a sufficiently low hazard 
from a public health standpoint so that 
the tests may be repeated at frequent in- 
tervals in order to enhance their value as a 
screening procedure and follow-up. 

The history of the use of dyes for the 
selective staining of the central nervous 
system is well documented.5?»?* The 
method has been useful in delineating what 
is known about the blood brain barrier and 
in neuropathological studies generally." 
In 1947, Moore? reactivated interest in the 
field by reporting studies on the selective 
uptake of the dye, sodium fluorescein, by 
tumors of the cerebrum. This subsequently 
led to the tagging of the latter compound 
with radioactive iodine and the populariza- 
tion of the method throughout the country 
in attempts to localize intracranial tumors 
using external counting devices. 1*5? 

From our present vantage point of 
scintillation counters, collimation devices, 
and improved methods for the collection of 
data, it is obvious that the earliest attempts 
at localization of brain tumors were doomed 
to a low level of accuracy. After Moore's 
description of the use of fluorescein and 
tagged human serum albumin, there was a 
period of enthusiastic investigation in 
many centers. Reports of the high degree 
of clinical localization created a climate 
which was somewhat detrimental to the 
natural development of the field. It is 
obvious from careful perusal of the require- 
ments of the experimental plan that the 
earlier methods were grossly inaccurate. 


* Aided by Grant No, T-101A from the American Cancer Society. 
From the Departments of Neurological Surgery and Radiology, Columbia-Presbyterian Medical Center, 
Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 
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The conditions of the technique consisted 
in the need to detect a 2 cm. mass with a 
tumor to background ratio of то to 25 
per cent, using uncollimated Geiger Müller 
detection devices. Several investigators 
called attention to the inherent inefficiency 
of the then available cools and therefore 
the lack of possibility of obtaining high 
statistical accuracy. Among these investi- 
gators were some whose observations were 
based on clinical даса and others who 
used simulated tumors in purely physical 
experimental set-ups.” 

Since. Moore's original studies with 
diiodofluorescein, it has become apparent 
that the approaches to improved per- 
formance and statistical accuracy lie in 
two directions. The first major orientation 
of research is toward improved physical 
techniques of detection and recording. The 
second is the development of substances 
which would achieve a greater concentra- 
tion in the tumor in relation to the sur- 
rounding brain. 


I. PHYSICAL FACTORS AND 
INSTRUMENTATION 


From a physical standpoint, the pre- 
senting problems are: 

1. Ratio of uptake in the normal brain to 
that within the lesion. Nice with brain im- 
plants of glioma were given radioiodinated 
serum albumin. The tumor to normal brain 
ratio varied within the range of 6 to 15.5 
In a mock set-up with I?! tumor to brain 
ratio of 6 and tumor volume of to cc., the 
"tumor" contributes a 30 per cent in- 
creased count rate. A ratio of 4 and tumor 
volume of 50 cc. give essentially the same 
increase in count rate. Actually, the tumor 
frequently affords an increased count rate 
of only то to 25 per cent. 

Another major difficulty is the low total 
activitv in the brain (Table 1). The critical 
issue is to detect this low level activitv 
with sufficient statistical accuracy to de- 
lineate the increase in count rate from the 
tumor. The statistical variation must there- 
fore be well below 10 per cent. Since the 
dose to the patient should be kept low (5 
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DISTRIBUTION OF RADIOIODINATED ALBUMIN 24 
HOURS AFTER INTRAVENOUS INJECTION®* 





Bx ivity/ml. plasma 


Whole Bloodless 
Tissue ua 
Brain 1.6Х10  o.sxX 107? 
Skeletal muscle 4.4 23 
Stomach 14.7 10.7 
Liver 15.0 5.7 
Pancreas 12.1 
Fat 8.4 


* Reproduced in part; courtesy of the authors. 
to 7 uc/kg.), the counting time must be 
н 
The efheiency of detecting apparatus. 
W external counters were first used to 
detect Г?! tagged diiodofluorescein, spot 
by spot counts were taken manually posi- 
tioning an end window Geiger Müller 
counter on corresponding points of the head 
consecutively. No effective collimation was 
used. Scintillation counters have now com- 
pletely replaced Geiger Miiller counters in 
this field (Fig. 1). These have the advan- 
tage, over and above increased sensitivity, 
of producing output voltages propor tional 
to the gamma energy absorbed. With the 
use of pulse height analyzers (discrimina- 
tors), the bias level of the primary radia- 
поп (for Р, 80 per cent is 0.364 теу.) 
can be determined and then all energies 
outside this area can be eliminated (Fig. 2). 
This considerably reduces background and 
Compton scatter (which is of a lower en- 
ergy), thereby increasing the sensitivity of 
the detecting svstem.!? The system is suf- 
ficiently stable only after warm-up periods 
of an hour or more . Changes in the supplied 
voltage will change the position and shape 
of the peak. Accordinglv, a stable voltage 
supply and daily checks with isotope are 
necessary to be certain of the position of 
the peak. 
To increase the resolution of the system, 
the unscattered as well as the scattered 
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radiation from other areas of the head 
(sensitive volume) must be reduced. By 
placing a piece of dense metal (lead, gold, 
or mercury) with one or more apertures in 
front of the crystal, collimation is obtained. 
The apertures may be cylindrical, conical, 
or hexagonal and arranged in various pat- 
terns depending upon the geometry of the 
lesion and the emitter used. As the degree 
of collimation increases, the sensitive vol- 
ume of the counter decreases and the 
collimator becomes a better localizer.?:?7:5? 
The focusing collimator (Fig. 34, а), for 
example, would be able to locate the size 
and position of a lesion more precisely 
than the cone seen in Figure 34, 7. The 
one which most nearlv satisfies the require- 
ments for the brain scanning system is the 
honeycomb collimator. It focuses in a 
scattering medium (Fig. 358) and has a 
very narrow sensitive radius. 

An automatic device (scanner) has been 
developed which will carry the counters 
with the necessary shielding at a constant 
rate across the head without missing any 


TET 


m eee | 








800 с/т 10 с/т 

Fic. т, Comparative sensitivity of a scintillation coun- 
teranda Geiger Müller counterat the same distance, 
in the same housing unit, and with the same I 
source. (4) Scintillation counter; 2X $ inch crystal 
with preamplifier. (B) Geiger Müller counter end 
window, bismuth cathode. 
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Fic. 2. I?! spectrum taken with a point source 
in alr — 6 —, and in water —*—. 


areas. The spacing between the rows can 
be varied as well as the rate of traverse. 

Since the counts are being continuously 
accepted as the counters traverse the head, 
recording systems which also are continu- 
ous are most useful. Some of these are: 

(a) Pen recorder (photoelectric) which 
produces a deviation of a pen in accord- 
ance with the count rate. 

(b) Print-out svstem which follows the 
traverse of the scanner and makes an 
image after a predetermined number of 
counts. Included in this group are the 
solenoid hammer and the Teledeltos pen. 

(c) Photographic recording apparatus 
in which pulses from a count rate meter 
are fed to an amplifier and then to a lamp. 
Although there are many variations, the 
maximum contrast enhancement is ob- 


Pt 


cm. distance from face of collimator 

















Vic. 3. (4) Isocount response to I?! point source in 
air for (а) focusing honey comb collimator and (4) 
cone collimator. 


tained with a tungsten lamp. The contrast 
enhancement is especially helpful in vis- 
ualization of minimum tumor uptakes. The 
voltage on the lamp varies directly with 
the count rate. With this recording method 
an increase in count rate of 30 per cent re- 
sults in a factor of ro increase in the bright- 
ness of the lamp, and a proportionate en- 
hancement of the film density. 

3. Type of apparatus used. 

(1) Honeycomb collimators which focus 
in air at 10 cm. from the face of the collima- 
tor (Fig. 4/7). The 61 holed honeycomb 
collimators were molded by a simple meth- 
od developed by Rudolph Gand at Radio- 
logical Research Laboratory, Columbia Uni- 
versity, and yielded precision collimators. 
It consists in making a shell of brass and 
two end plates of 1/32 inch sheet brass. 
Holes are drilled according to the desired 
layout so as to accommodate the taper pins 
yielding the required focus. The two end 
plates prevent any movement of the tapers 
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A füce of collimator 


distance from collimator face in cm. 
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Fic. 3. (B) Isocount response with focusing honey- 
comb collimator and D! source in water. 





Fic. 4. (4) Focusing honeycomb collimator with 61 
holes and a focus at 10 cm. from the face. Upper 
left: back view. Lower left: face view. Right: mid- 
line cross section. 


Voi, 87, No. 3 


Localization of Brain Tumors 45 


Qa 





Fic. 4. (В) Mold assembly for honeycomb collimator: 1. mold tube and port; 2. endplate; 3. endplate; 4. 
endplate bolts (4 needed); 5. mold port bolts (2 needed); 6. large focusing plate; 7. small focusing plate; 
8. collimator shell; 9. taper pins (7 needed). Material: brass; pins and bolts: steel. 


during the molding process. An outside 
housing unit is made to hold the end plates 
and shell together (Fig. 4B). Silicone re- 
lease agent is used to prevent pins and 
mold parts from adhering to the lead. In a 
scattering medium the focus is at 9 cm. 
Between 5.5 and 10.5 cm. from the collima- 
tor face, the sensitivity does not vary by 
more than 12 per cent (Fig. 5). We have 
found by testing commercially available 
units that focusing honeycomb collimators 
do not necessarily have all these charac- 
teristics. It is therefore necessary to test 
them before use in the scanning system. 
This is done by scanning a point I?! source 
at varying distances. If the collimator is 
properly constructed, the data when 
plotted will give curves similar to those 
obtained by Miller and Scofield? (Fig. 
34, b). 

(2) One and one-half inch by one inch 
sodium iodide (thallium) crystal with 

(3) Dumont 6292 phototube and 

(4) integral pulse height analvzer. In- 
itially the spectrum of I?! should be taken 
at the chosen operating voltage and plotted 
(see Fig. 6). The operating bias should then 
be chosen so that all the primary .364 mev. 
gamma radiation is included. This would 


occur at a point in the flat part of the curve 
50 to тоо millivolts before the large drop in 
counts, as illustrated in Figure 6. As the 
phototube wears out, the spectrum be- 
comes distorted by a widening of the pri- 
mary peak. 

(5) Automatic scanner which was de- 
signed specially for brain scans and consists 
of two vertical mounts holding shielding 


COUNTS PER MINUTE x 256 


4123 3 5 ь 7 8 34$ о H HH 15 Ñ 145 


DISTANCE IN CM, FROM FACE OF COLLIMATOR 


Fic. 5. Response of scintillation counter with focus- 
ing honeycomb collimator to I?! source in water at 
different distances from the collimator face. 





ki spectre. 






setting 


Fic. 6. Spectrum of I?! taken with an integral dis- 
criminator showing differertial and integral plots, 
Arrows indicate the range for operating bias. 


and counters. The patient's head rests be- 
tween them and both lateral recordings are 
made simultaneously. Anteroposterior and 
posteroanterior views mav also be ob- 
tained. Scans were made with the traverse 
speed of 7 cm. or то cm. per minute. Simul- 
taneous recording by the solenoid print out 
and the photographic method is carried 
out. At one time the pen recorder was be- 
ing used simultaneously with these two 
systems. Although we have used the pen 
recorder and the Teledeltos print out svs- 
tem, the interpretation of all of the scans 
has been from the solenoid print out record 
or both the solenoid and the photographic 
(contrast enhancement) method (Fig. 7). 

In an attempt to decrease the scanning 
time, we tried a system of four units, two 
for each side of the head. However, match- 
ing these so that all maintained a similar 
response was impractical and this approach 
was abandoned. It is feasible, however, to 
utilize a multiple counter system if in- 
itially the counters are matched using 
common amplifiers and voltage supplies. 
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SUBSTANCES USED IN LOCALIZATION STUDIES 





Agent 


References 


Bre, Cl, I 10, 26, 44 
P* phosphate 26,38, 41 
Natt 26 

Ke 25,37 
Cu" ] 42 

Asi ‘positron emitters 13, 22, 41 
Zn“ | 39, 40 
Cut! porphyrin | 4 

pt albumin 9, 15, 36 
I?! tetracycline 17 

I! octoiodofluorescein 3t 

I9! antibody to fibrin 3 

Hg? neohydrin Ü 


H. ENHANCEMENT OF UPTAKE 

The second major approach to improved 
statistics. of localization. lies in the en- 
hancement of uptake in the tumor bed. 
Over the vears various agents have been 
used in the hope of incre: ising tumor uptake 
ratio. These comprise physiologically ac- 
tive substances, including antibodies and 


compounds specifically related to central 


(Table 11). 


nervous system metabolism 
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Fic. 7. Drawing of instrumentation and 


set-up currently in use. 
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However, iodine tagged human serum al- 
bumin continues to be the most useful 
clinical tool. Because of physical charac- 
teristics lending themselves to improved 
collimation, mercury 203 has been studied 
in the form of Hg? labelled neohydrin.? It 
has proven inferior to I?! labelled albumin 
as an agent in our particular investiga- 
tions, but further studies are being carried 
out. 
IIl. RESULTS 


In spite of the disappointing efforts in 
this direction the statistical results are 
encouraging. A total of 344 cases has been 
examined. In about go per cent of the 
cases, the dose used was 5 uc/kg. of body 
weight. No patient received more than 7 
uc/kg. 

Accuracy as referred to below is defined 
as follows. In normal cases it means that 
the test agrees with the results of cerebral 
angiography and/or pneumoencephalog- 
raphy, as well as with the final clinical im- 
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wes 


pression. In abnormal cases the lesion has 
either been confirmed surgically or by 
angiography and/or pneumography. A few 
patients came to autopsy. 

The results are summarized in Table їп. 

In Table 1v are listed the lesions not 
localized and the scanning times. 

Several other innovations reported from 
this laboratory have added measurably 
to the efficiency of the technique. These 
include repeated scanning and the recog- 
nition of a specific time factor for optimal 
uptake by different types of expanding 
lesions. Repeated scanning tends to rein- 
force impressions in questionable localiza- 
tion and eliminate artefacts. Prior to these 
studies, scanning was presumed to be most 
effectively carried out after the blood level 
of isotope had reached a steady plateau. 
The routine use of scans at the time of in- 
jection at 24 and 48 hours makes it possible 
to completely cover the entire spectrum of 
optimal uptake times for all the common 
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No. of 





Diagnosis 
Cases Ы 
22 Meningiomas 
63 Gliomas 
37 Mixed Pathology 

4 Acoustic 
21 Metastatic 

2 Glomus 

1 Neuroblastoma 

1 Nasopharyngeal 

2 Carcinomatosis 

1 Corpus Callosum 

2 Third Ventricle 

3 Pituitary 

то Arteriovenous Malformations 
132 
27 Thromboses and Cerebrovascular 
Accidents 
136 Normals 
163 
49 Unconfirmed, indefinite diagnosis 
344 Total Test Accuracy 





No. of Cases No. of Cases 





Accurately Diagnosed Missed 
18 4 
55 8 
4 o 
17 4 
2 о 
I o 
1 o 
o 2 
1 o 
I I 
3 о 
9 І 
112 or 84.85% 20 ог 15.15% 
False Positives 
27 о 
134 2 
161 or 98.897 2 or 1.2% 
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Taste IV 
LESIONS NOT LOCALIZED AND THEIR 
TIMES OF SCANNING 
Analysis of Cases Missed 
1 out of 10, 1 Arteriovenous Malformation-—small 
lesion 
8 out of 63, Gliomas 
3 astrocytomas, scanned at 24, 48 hours 
1 astrocytoma, scanned at 24, 48 and 72 hours 
1 glioblastoma, scanned st 24, 48 hours 
1 glioblastoma, scanned at 24 hours only 
1 oligodendroglioma, scanned at 24 hours only 
1 small mixed oligodendroglioma—-astrocytoma, 
scanned at 24, and 48 hours 
4 out of 22 Meningiomas 
2 were scanned only at 24 hours 
I parasagittal, small falx (3 cm.) 
1 parasagittal was scanned at both 24, 48 hours 
Е DE positives 


Tuberculous meningitis (confirmed by post- 
mortem examination) 
1 Late syphilis, diagnosis of temporal lobe 


epilepsy. Pneumoencephalography was normal 
but arteriography was not done. Electroen- 
cephalography showed slow wave focus in same 
region. 





types of space occupying lesions. Some- 
times 72 hour scans are taken (Fig. 8). 
The. general chronologic pattern of up- 
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Fic. 9. Left posterior temporo-parieto-occipital 
angioma (immediate scan). 


take is as follows: 

(1) Lesions which pre-empt blood supply 
or which are characterized by unique 
hy pervascularity are best seen immediately 
after injection. These include arteriovenous 
anomalies and angioblastic meningiomas. 
Certain arteriovenous lesions seem to retain 
the radioactive substance in tumor fashion 
and remain visible in later scans. This fact 
may be of significance in separating such 
lesions i into pathologic groups (Fig. 9). 

(2) Meningiomas generally appear by 
24 yo after injection and tend to be 


















































0 Hours E 24 Hours : 








72 Hours 


Fic. 8. Effective scan/time relationship. Percentages indicate the lesions seen best at a particular time. 
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Fic. то. Olfactory groove meningioma 
(left 24 hour scan). 


most vivid within this period (Fig. 10). 
(3) Gliomas appear at 24 hours, and 
become uk obvious by 48 hours (Fig. 11, 
A and B). The type of scan depends upon 
the inherent characteristics of the lesion, 
with avascular astrocytomas poorly seen 
and glioblastomas seen very clearly. Meta- 


static lesions follow a similar pattern of 


appearance. Their multiplicity and small 
cubic volume in relationship to surround- 
ing edema make them occasionally very 
difficult to detect (Fig. 12). 

(4) Cystic lesions begin to appear late 
їп the scan series and are best delineated 
after 48 hours (Fig. 13). 
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Fic. 12. Left frontal metastasis (24 hour scan). 


In addition to avascular lesions, third 
ventricular lesions are not well seen. 
Temporal lobe lesions can be obscured by 
the heavy concentration of isotope in the 
overlying muscle. The suboccipital muscle 
layers create an even greater barrier to easv 
recognition of cerebellar lesions. In both 
areas, however, lesions of effective con- 
centrating power are commonly seen (Fig. 
14). 

It is thus possible not only to increase 
the statistical accuracy of the method by 
repeated scanning, but to predict the exact 
nature of the pathologic lesion by its time 
of appearance. Such data greatly increase 





Fig. 11. Recurrent right frontal lobe glioblastoma multiforme (cystic). (4) Anteroposterior view and 
(B) lateral view (48 hour scans). 





Fig. 13. Postoperative mixed glioma in left 
frontal parietal region (72 hour scan). 


the clinical value of the test. 

We have as vet been loathe to suggest 
operation on the basis of even the most 
sharply demarcated scans without further 
definitive studies. In many instances sur- 
gical intervention could be carried out 
without any loss of essential data to the 
operating surgeon. There are attractive 
aspects to the method for accurate flap 
placement. Localization by pneumography 
depends upon a good deal of complex in- 
terpretation which is in turn dependent 
upon experience and special skills, some 
intuitive. The appearance of massive shift 
on an air study may depend upon edema 
and various mechanical factors, rather 
than actual tumor mass and the exact 
locus of chief involvement may be ob- 
scured by these sequential factors. Arteriog- 
raphy is a superb test which needs no de- 
fense. However, it 1s almost completely de- 
pendent upon either the mechanical dis- 
placement of vessels or the presence of an 
abnormal vasculature within a lesion or in 
its circumference. In areas where this 
peculiarity does not apply, localization can 
be more a deductive discipline than one of 
frank visualization. It is apparent that 
Isotope scanning has specific advantages 
and may eventually serve as a preoperative 
method of localization without recourse to 
further studies. 

In comparing statistical efficiency, cer- 
tain other facts must be borne in mind. If 
one considers that even with objective 
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tests such as arteriography and pneumo- 
encephalography there 15 a good deal of 
pre-test selection to eliminate noncontribu- 
tive studies, the accuracy of the scanning 
method approaches clinical standards. A 
carotid arteriogram done on the wrong 
side, or for a posterior fossa or midline 
lesion would be a diagnostic failure. Ad- 
ditionally, there 15 a significant patient risk 
and also technical failure in both pneumo- 
encephalography and arteriography. These 
factors certainly militate against using 
either as a repeated screening procedure or 
a casual diagnostic test. 

Presently, the areas of chief clinical use- 
fulness for isotope scanning are: (1) as a 
screening test to determine the need for 
more intensive studies, or for preoperative 
localization; (2) as a means of prognosticat- 
ing lesion type (Fig. 15); (3) as a means of 
analyzing the etfects of chemotherapy and 
radiation therapy without recourse to re- 
peated angiography or air studies (Fig. 16, 
4-Р; and 17, 4 and B); (4) for follow-up 
studies of postoperative patients (Fig. 18, 
А and B); (5) for physiologic studies of 
the effect of changes in hemodynamics on 
vascular lesions and the separation of the 
latter into various categories depending 
upon their characteristics. 

SUMMARY AND CONCLUSIONS 

1. Efficient collimation and automatic 
tracking devices, with improved sensitivity 
in counting and recording, have made the 
extracranial localization of space occupying 





Гіс. 14. Right temporal lobe glioblastoma (48 hour 
scan). Note clarity despite high temporal muscle 
uptake. 


Fic. 15. Left pterion meningioma (immediate scan). 
The pathologic type is more easily predicted than 
on the arteriogram. 
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intracranial lesions with gamma emitters 
clinically practical despite low differential 
count rate. 

2. Isotope scanning using iodinated hu- 
man serum albumin meets the need for a 
reasonably efficient screening test for 
space occupying lesions of the cerebral 
hemispheres which can be repeated on 
multiple occasions without significant ra- 
diation hazard. 

3. The routine use of repeat scans over a 
48 and 72 hour period serves to eliminate 
false positives and to reinforce the accuracy 
of interpretation. 





Fic. 16. Right parietal glioblastoma multiforme. Lateral arteriograms. (4) Large vascularized 
intracerebral tumor. (B) After full course of radiation therapy. Note change. 





Fic. 16. (C) Scan before radiation therapy shows large vascularized intracerebral tumor (right 48 hour 
scan). (D) Scan three months after radiation therapy (right 48 hour scan). Note change. 
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Fic. 17. Right arteriovenous malformation (1mmediate scans). (4) Before radiation therapy and 
(В) unchanged after tumoricidal dose of radiation. 





Fic. 18. Glomus jugulare tumor in right petrous bone (immediate scans). 7) After full course of 
radiation therapy (unchanged) and (B) after ligation of feeding right external carotid artery. 


4. The recognition that certain lesions 
have a maximal differential uptake time 
has tended to improve statistical success 
and affords important information about 
the pathologic nature of lesions studied. 

с. Isotope scanning permits intriguing 
opportunities for gauging the success of 
experimental therapies without recourse to 
rigorous testing of the patient. 

6. Isotope scanning by the described 
technique maintains minimal over-all sta- 
tistical accuracy of 85 per cent for all 
space occupying hemisphere lesions with 
negligible false positives. 

7. The flexibility of the method, and, in 


particular, its accuracy in revealing a wide 
spectrum of lesion types implies a more 
general usefulness than other isotope tech- 
niques in current usage. 


Edward B. Schlesinger, M.D. 
The Neurological Institute 
710 West 168th Street 

New York 32, New York 
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RADIATION THERAPY IN THE TREATMENT OF 
INTRACRANIAL TUMORS* 
By ROBERT J. BLOOR, M.D,t ARCH W. TEMPLETON, M.D.t and 


RAYMOND S. QUICK, B.Sc.$ 
DETROIT, MICHIGAN 


RIMARY tumors arising in the central 

nervous system are uncommon, con- 
stituting only about 2 per cent of all neo- 
plastic disease in the human. Patients 
with astrocytomas of higher grade (glio- 
blastoma multiforme) cannot look forward 
to more than a few months of life after sur- 
gical excision alone and the outlook for 
continued life in those with other tumors 
of this group is little better. The effect of 
radiation on these tumors is not well known 
because of their infrequence. In our institu- 
‘ion there has been increasing interest in 
che use of radiation in the treatment of pa- 
tients with these tumors, and we feel that 
this can improve the duration and quality 
of their survival. We wish, therefore, to 
present our techniques of treatment, to 
report the results that we have obtained 
and to compare these results with others 
that have been reported. 


MATERIAL 


In the period from January, 1955 
through December, 1960, 95 patients were 
accepted for treatment of a neoplastic 
growth involving the brain. Of these, 83 
completed the planned course of therapy. 
No meningiomas are included in this group, 
since it has not been our policy to accept 
these for treatment due to the relatively 
good survival of patients after surgery 
and the reputed insensitivity of this 
tumor. Pituitary tumors and tumors of 
the spinal cord are also excluded. 

Table 1 shows the distribution of these 
patients according to the tumor types, 
using the classification proposed by Kerno- 


han e£ al? The various grades of astro- 
cytoma constitute the largest group of pa- 
tients treated. 

In the last two to three vears it has been 
our policy to treat all patients with astro- 
cytoma Grades їп and ту (glioblastoma 
multiforme) who have survived the im- 
mediate postoperative period, because their 
prognosis with surgery alone has been so 
poor. Ependymoma and medulloblastoma 
have also been treated by irradiation as 
a routine procedure, but astrocytoma 
Grades т and 11 and oligodendroglioma have 
been treated only in cases of recurrence. 
Because of this, the number of low grade 
astrocytomas does not reflect the frequency 
of this tumor in general. Other than this, 
the distribution of tumor tvpes is fairly 
typical of that reported in other series. 


Tase І 


TUMOR HISTOLOGY AND DISTRIBUTION 








| No | No. 
Histologic Classification T gh Completed 
reated р 

Treatment 
Азїтосуїота.............. бї $4 
Grades tandit.......... 7 5 
Grades пі and iv........ 5 40 
Unclassified. ...........- 9 9 
Ependymoma...........-. 5 3 
Oligodendroghoma......... 5 5 
Medulloblastoma.......... 7 7 
Metastatic Tumors......... — 15 11 
Others: ална US 4 3 
Leptomeningeal Sarcoma. . 2 1 
Hemangioblastoma....... 1 1 
Sarcoepithelioma......... 1 1 
TOGUE sit vetu КУ, 95 83 
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METHODS 

Tumors arising in the brain have def- 
inite growth patterns which determine the 
treatment plans to be used. While metas- 
tasis to regions outside of the cranial cav- 
ity is rare, infiltration and extension within 
the brain are very common. The anatomic 
division of the brain into two hemispheres 
tends to restrict transverse extension of 
tumors arising in the cerebrum though no 
such restriction exists for anteroposterior 
extension. Localization of the main tumor 
mass by means of roentgenography, elec- 
troencephalography or surgical exploration 
is not definite in many instances, and the 
accurate delineation of the full extent of 
the tumor infiltration is usually faulty. 
Concannon, Kramer and Berry? compared 
tumor extension found at autopsy with 
arteriographic, | pneumoencephalographic 
and surgical estimates of tumor size and 
extent. They found that these methods 
usually underestimated the full extent of 
the tumor. 

On this basis, small field beam-directed 
therapy would seem to have limited use- 
fulness, and some form of regional therapy 
would seem indicated. Some vears ago, a 
simple reproducible group of field arrange- 
ments was developed by one of us (R.S.Q.) 
that fulfills these requirements. Some of 
these field arrangements were described in 
an article by Richmond"? in 1952. Since 
then the system has been further elab- 
orated. We feel that these treatment plans 
fulfill the requirements for regional therapy 
of the brain and warrant further descrip- 
tion. 

These radiation applications are based on 
the use of two pairs of coaxially opposed 
fields arranged at right angles to each other. 
The central axes of all of these fields lie in 
one plane which is parallel to the supra- 
orbital-meatal baseline. This baseline, de- 
fined by the supraorbital ridge and the ex- 
ternal auditory meatus, quite closely de- 
fines the lowest extensions of the cranial 
fossae in most patients (Fig. 1). The lower 
edges of the treatment fields are placed 
along this baseline or its extension. 
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Fic. т. The location of the supraorbital-meatal base 
line with reference to the brain and base of the 


skull. 


Using this same basic field arrangement 
in all instances and shifting the anteropos- 
terior or lateral position of the central axes 
of the fields, it is possible to vary the posi- 
tion of the high dose region as needed 
within the cranial cavity and still maintain 
a regional distribution. Figures 2 through 






ERES 
100 % 
(8x10) 





100% 


ip 


Tic. 2. Basic four field arrangement. The field axes 
coincide with the anteroposterior and lateral mid- 
lines of the skull. All fields equal in size with equal 
doses given through each. Note the centrally lo- 
cated symmetrical high dose region. 
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10 show the possibilities of these arrange- 
ments. A great majority of the patients re- 
ported in this study have been treated with 
field arrangements following these prin- 
ciples. We have found them to be easy to 
apply and reproduce, and to be well tol- 
erated. 

The maximum dosage given to these pa- 
tients has been limited to 4,000 r in 30-35 
days. This quantity was chosen as a safe 
dose that would minimize the probability 
of late radiation necrosis of the brain on 
the basis of the studies of Arnold, Bailey, 
Harvev, Haas and Laughlin! and Boden.*? 
The doses were calculated without allow- 
ance for absorption by the bones of the 
cranial vault, and thus the actual doses in 
the brain may be as much as 10 per cent 
less than those calculated. Radiation gen- 
erated at 250 kv. (added filter .44 mm. 
Sn, .25 mm. Cu, and т.о mm. Al) with a 
half-value layer of 3 mm. of Cu has been 
used in almost all instances since the de- 
sired tumor dose could easily be achieved 
without exceeding the tolerance of the skin 
or other tissues. Temporary epilation and 
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Fic. 3. Extension of the maximum dose region an- 
teroposteriorly by widening the lateral fields but 
retaining equal dosage. 
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Fic. 4. The anteroposterior field pair has been shifted 
laterally by 2 cm., with shift of the zone of maxi- 
mum dose. With equal dosage applied to all fields, 
there is excessive dose to the peripheral tissues. 


the production of a moderate erythema in 
the treatment field are usual. Permanent 
epilation has not occurred. It has been our 


100% 
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Fic. 5. A reduction in the dose given to the lateral 
fields improves the situation. 
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Fic, 6. Further improvement is achieved by 
narrowing the anterior and posterior fields. 


(8x10) 
100% 








Fic. 8. Shifting the lateral pair of fields posteriorly 
will shift the zone of maximum dose posteriorly. 
The same would apply te an anterior displace- 
ment. 
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Fic. 7. The anteroposterior extent can be reduced 
by reducing the width of the lateral fields. The last 
two figures represent clinically satisfactory ar- 
rangements that have been found quite useful. 
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Fic. 9. For an anterior or posterior fossa lesion, one 
of the anteroposterior pair of fields may be 
dropped. 
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policy to treat every field each day, and it 
is possible that any other cycling of the 
treatment fields might increase the skin 
reaction. 

Because of the hazard of brain edema 
during the early phases of treatment, the 
initial doses are considerably reduced, the 
full daily tumor dose increment of 200 r 
not being achieved before the sixth or 
seventh day of treatment. 


RESULTS 


Since we are dealing with a diverse group 
of tumors, no over-all survival figure is 
given. Most groups are quite small and the 
follow-up is relatively short, thus the re- 
sults are reported in terms of actual sur- 
vival in months from the closing time of 
the series. Astrocytomas Grades 111 and Iv 
constitute the largest single group and will 
be discussed in greater detail separately. 

In Table п are seen the results of the 
treatment of low grade astrocytomas. The 
patients were largely treated for recur- 
rence, hence the poor survival rate. Table 
пт presents the survival results in patients 
with tumors involving the brain stem and 
midbrain. A few of the tumors in this group 
were biopsied. Most of them were not be- 
cause of the location. The good survival 
rate in this group is quite typical of that 
reported by others. Oligodendroglioma 
and ependymoma are relatively rare tu- 
mors and are few in number. The results 
are presented in Table ту. As can be seen, 


Tasg П 


ASTROCYTOMA GRADES I AND II 
LENGTH OF SURVIVAL 


Dead 
(mo.) 





No. o 
Patients 

















Total......3 3 4 
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Fic. 10. Shift of both pairs of fields and adjustment 
of individual dosage permit the development of a 
high dose region limited to one quadrant. 


the survival rate in this group also 1s quite 
good. 

The group of medulloblastomas which 
we have seen is somewhat unusual in the 
proportion of older patients treated (Table 
v). It is interesting to note that nearly all 
of the long-term survivals have been in 
patients under eleven years. The two pa- 
tients still living both fall in this age group. 


Тав ПІ 
ASTROCYTOMA, GRADE UNDETERMINED 
LENGTH OF SURVIVAL 

















1 temporal lobe 32 

2 corpus callosum 3 

I | midbrain 12 

I midbrain | 31 

1 brain stem 39 

1 pons р 37 

1 | septum pellucidum | 35 
———À i a rr Oif (eae) ————— 
Total 8* | 5 2 





* One patient lost to follow-up. 
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Taste IV 
OLIGODENDROGLIOMA AND EPENDYMOMA 


LENGTH OF SURVIVAL 








No. of Dead 





Patients | (mo.) 
r | 
1 | 
i | 
1 
I | 
| 
1 | 32 
зы ы aN эзы ыызы 2d. 5 
| 
Total... 5 1 
EPENDYMOMA 
M 
1 | бї | 
I | 66 | 
І | | 9 
i 
шабы кыргыз M КУД 2. ыша ы il. 
| 2 | 1 
| | 


This age distribution may account for the 
relatively poor showing of this group of 
tumors, as compared with those of Bou- 
chard and Peirce, and Paterson and 
Farr.” 

Somatic tumors metastatic to the cen- 
tral nervous system form a group in which 
the value of specific therapy is difficult to 
evaluate. Total patient survival is pri- 


Tasuk V 
MEDULLOBLASTOMA 


TH OF SURVIVAL 









| 
Age when | 








| 
No. of | Treated | Alive Dead 
Patients | (у) | mo.) (mo.) 
| йя i 
| 
| 7 
lr 
12 
12 
13 | 44 





* One patient lost to follow-up. 
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marily dependent on the behavior of the 
neoplasm in other sites, and thus survival 
data are not helpful in evaluation. In our 
group there are a few patients in whom the 
relief of symptoms due to the cerebral 
metastases has been spectacular, and in 
general most patients have benefited symp- 
tomatically, but few have lived long 
enough to make the expenditure of time 
and money clearly worthwhile. In selected 
patients in good physical condition with 
little evidence of other metastases, cranial 
irradiation is worthwhile. Such favorable 
cases are most often found among patients 
with carcinoma of the breast. The over- 
all life expectancy in carcinoma of the 
lung is so short that treatment of intra- 
cranial metastases is rarely of value. 

Mere evaluation of survival figures does 
not give the true picture of the benefit of 
a treatment. In Figure 11 we have at- 
tempted to indicate the functional status 
of the entire group of patients 6 to 8 weeks 
after treatment, ze, after subsidence of 
treatment reaction. Figure 12 shows the 
relative functional status of patients with 
astrocytoma Grades п and ту after surgery 
alone, and after surgery and irradiation. 
In order to make the groups more com- 
parable, only patients surviving surgery by 
at least one month are included. 









А- able to work 


B- some neurologic 
deficit 
no relief 





-zmocodum'ou 


A B C 


Fic. 11. Status of all radiation therapy patients 6 to 
8 weeks following therapy. 
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60 A- able to work 
i 
55 | B- some neurologic 
deficit 
р 50 | C - no retief 
E 45 | D- patient dead 
R 40 | uM: 
radiation therapy 
С 55 = patients 
N 30 тугу surgery only 
T uU patients 
25 
20 
15 
10 





Tic. 12. Status of radiation therapy and surgery 
patients with astrocytoma Grades 111 and 1v, 6 to 
8 weeks after therapy. 


DISCUSSION 


Evaluation of the benefits of irradiation 
is particularly difficult when treatment is 
given after partial surgical extirpation of 
tumors. A comparison of the patient sur- 
vival rate after surgery alone and after 
combined surgery and irradiation is crucial, 
if the two groups are otherwise comparable. 
Since a high proportion of the patients in 
this hospital with astrocytoma Grades rii 
and Iv receive postoperative irradiation, 
we could only find a small group who had 
been treated by surgical removal alone. 
The size and distribution of the two groups 
are shown in Figure 13. 

The number of patients involved in our 
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CUMULATIVE MORTALITY 
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Fic. 14. Relative mortality of patients with astro- 
cytoma Grades ш and ту after surgery alone, and 
surgery plus postoperative irradiation. (Frankel 
and German? and Taveras.!*) 


two groups is very small. A review of the 
literature disclosed two recent studies of 
this same problem. Frankel and German? 
and Taveras present comparisons of pa- 
tients treated with surgical extirpation and 
irradiation, and with surgery alone. In 
Figure 14 the cumulative mortality at 
various intervals after treatment 1s plotted 
for these two series as well as our own. To 
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Fic. 13. Survival status of patients on December 31, 1960. 
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obtain the individual points from which 
the curves were plotted, the data given in 
their reports as line graphs of per cent sur- 
vival were converted into numbers of pa- 
tients surviving at each interval and then 
into cumulative mortality. The plots were 
then made on a logarithmic probability 
scale as suggested by Boag.’ 

There is a definite division of the surgical 
mortality curves and those of RB 
after irradiation into separate groups i 
Figure 14. Because of this division, we felt 
justified in combining al! of the Sarg cal 
groups as well as the radiation groups into 
single curves (Fig. 15), again returning to 
the calculated numbers of patients at each 
interval. The larger numbers in the com- 
bined groups eliminated some of the ir- 
regularities found in making the other 
plots, and an excellent fit was obtained 
with the straight line curves shown. These 
curves show a distinct diference in both 
position and slope. The median survival 
for patients treated with surgical extirpa- 
tion alone is two months, while that for 
surgical intervention followed by irradia- 


CUMULATIVE MORTALITY % 
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Fic. 15. Astrocytoma Grades ш and iv. Compari- 
son of cumulative mortality curves for a combina- 
tion of the groups shown in Figure 14. 
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son of combined data of patients receiving radia- 
tion therapy from Figure 15 and data from 
Bouchard and Peirce.® 


tion is six and one half months. 

The report by Bouchard and Peirce* in 
1960 comprises the largest collection of 
patients treated with surgery and post- 
operative radiation that has vet been 
presented. The follow-up period is also 
exceptionally long. When their results with 
astrocytoma Grades зи and ту are pre- 
sented in comparison with the combined 
results mentioned above, there is noted to 
be a distinct difference in slope of the two 
curves though the median survival is not 
greatly different (Fig. 16). Unfortunately, 
their paper gives no information regarding 
patients surviving less than one уе ear, nor 
on their criteria for selection of patients 
for radiation ther гару. Bouchard and Peirce* 
report the use of radiation doses of §,000~- 
6,000 r in about 5 days which is ee 
than that used by Taveras (4,000-5,000 r 
in 4-5 weeks), Frankel and German (at 
least 4,000 r) or py us (maximum of 4000- 
4,200 r in about 30 days). It is quite possi- 
ble that the gre eater protraction to a higher 
total dose may be responsible for the dif- 
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ference in survival rate of their patients, 
but the other factors mentioned could also 
produce this difference. 

Our experience with postoperative ir- 
radiation in the treatment of intracranial 
tumors other than astrocytoma of Grades 
ш and Iv is insufficient to permit conclu- 
sions as to its value. The results which we 
have obtained are in general accord with 
those reported by other authors with the 
exception of medulloblastoma. Here, the 
peculiar age distribution in our group of 
patients may account for the difference. 

The improvement in survival of patients 
with high grade astrocytomas treated with 
postoperative irradiation seems quite def- 
inite on the basis of our results and on the 
results of others. The value of this sur- 
vival to patients and their families cannot 
be evaluated objectively. Our experience 
suggests that the management of these pa- 
tients during their survival period is 
facilitated, and that a significant propor- 
tion can return to work after irradiation. 
On these grounds, we feel that this is a 
procedure that should be more generally 
used. 

What of the future? Can therapeutic 
irradiation make a greater contribution to 
the management of these patients than it 
does now? The amount of our doses has 
been limited by our concept of brain tol- 
erance obtained from Boden.‘ To date we 
have not observed any overt evidence of 
brain damage from these treatments, so we 
feel that these are safe doses. Bouchard 
also disclaims evidence of brain necrosis 
resulting from the somewhat different dose- 
time relationship that he has employed. 
The most recent and most exhaustive 
study of brain tolerance in irradiated hu- 
mans is that of Lindgren? The dose-time 
relationships used by both Bouchard and 
ourselves lie slightly below his estimate of 
the threshold for the development of brain 
necrosis and well below that dose which 
carries a great risk of cerebral necrosis. 
From his data it would appear that we 
could increase our dose to about 5,000 r 
in the same over-all time with only mod- 
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erate risk. On the other hand, Bouchard’s 
data suggest that an improvement in re- 
sults might be obtained by greater protrac- 
tion with the same equivalent dose. It is 
our intention to explore both of these 
possibilities. 

SUMMARY 


т. In the past six years we have em- 
ployed radiation in 95 patients with intra- 
cranial neoplasms, and have completed 
therapy to a dose of 4,000-4,200 r in four 
to five weeks in 83 of these. 

2. We have used a standardized, repro- 
ducible treatment plan which is described: 

3. Our results suggest that radiation 
therapy is of value in the management of a 
variety of intracranial tumors. 

4. Postoperative irradiation improves 
both the quality and duration of the sur- 
vival of patients with astrocytoma Grades 
ш and ту (glioblastoma multiforme). 


Robert J. Bloor, M.D. 
Henry Ford Hospital 
Detroit 2, Michigan 
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SHOULD WE TREAT GLIOBLASTOMA MULTIFORME? 
A STUDY OF SURVIVAL IN 425 CASES* 


By JUAN M. TAVERAS, M.D., HARTWELL С. THOMPSON, Jr, M.D., 
and J. LAWRENCE POOL, M.D. 


NEW YORK, NEW YORK 


TIS well known that glioblastoma multi- 
forme is close to being the most malig- 
nant neoplasm which occurs in humans. Its 
growth rate is extremely rapid, and in a few 
months it may grow so much as to render a 
previously healthy individual utterly use- 
less. This is particularly true in view of the 
usual location of this neoplasm, the cerebral 
hemispheres. 

The natural history of glioblastoma in- 
dicates the duration of the disease to be 
seven to fourteen months from the first 
symptoms until death. Very few patients 
survive beyond this fourteen month period 
without treatment. The question is whether 
-t is possible to modify this relentless course 
significantly with the forms of treatment at 
our disposal at the moment. 

The answer to the moral question as to 
whether treatment of a given disease 
should be applied is a matter for individual 
consideration, and in this we are not refer- 
ring to nursing care, but rather to specific 
treatment. Obviously, if we have no specific 
treatment for a disease, none can be ap- 
plied. Could partial surgical removal 
and/or radiotherapy be considered as 
specific treatment? At the present time 
nothing better can be offered patients with 
glioblastoma multiforme. While these are 
far from being specific forms of therapy, 
they are capable of modifying the course of 
the disease. It is the purpose of this pres- 
entation to trv to elucidate whether such 
treatment has been worthwhile in the man- 
ager ent of these tumors, based on a study 
of 425 histologically verified cases. 


PATHOLOGY 

As to glioblastomas that occur in the 
cerebral hemispheres, there is no particular 
site of predilection, for thev mav occur in 
the frontal, temporal, parietal and occipital 
areas as well as in the thalamus and the 
corpus callosum. They do not usually occur 
intraventricularly except by invasion from 
without. Glioblastomas may also involve 
the brainstem and, rarely, the spinal cord. 
They do not occur in the cerebellum. Seed- 
ing to other portions of the central nervous 
system by way of the cerebrospinal fluid 
and continuous growth superficially along 
the leptomeninges are not uncommon. Dis- 
tant metastases are extremelv rare. This 
does not mean that glioblastoma cells are 
unable to grow outside of the central nerv- 
ous system. Indeed they are able to do so, 
and very rapidly. This is exemplified by a 
case of an obstructive lesion due to glio- 
blastoma which required a shunting pro- 
cedure. А ventriculopleural shunt was 
carried out; the shunting tube was an easy 
path for the free glioblastoma cells which 
grew rapidlv in the chest cavity involving 
the pleura extensivelv, the mediastinal 
lymph nodes, and the bone marrow of the 
ribs, sternum and vertebral bodies.* 

Our pathologic laboratory classifies 
these tumors into (1) glioblastomas and 
(2) astrocytomas with glioblastomatous 
changes. This is equivalent to the astro- 
cytomas Grade 1v and 11 respectively ac- 
cording to Kernohan’s classification. Of the 
total number we are reporting, only 10 per 
cent were classified by our pathologists as 


* From the Department of Radiology, Neurology and Neurological Surgery of the College of Physicians and Surgeons, Columbia 
Universi:y, and the Radiology, Neurology and Neurosurgical Services of the Neurological Institute, Presbyterian Hospital, New York, 


New York. 


Presen:ed at the Forty-Third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11—15, 1961. 
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astrocytomas with glioblastomatous changes 
(Grade 1и). This type grows somewhat 
more slowly than the frank glioblastomas. 
Some tumors were diagnosed as being an 
astrocytoma on a first biopsy, whereas a 
subsequent biopsy performed for recur- 
rence revealed a glioblastoma. It is possible 
that in these cases tissue representative of 
the entire tumor was nct obtained on the 
first biopsy; 7.e., a segment of a glial tumor 
may have been classified by the pathologist 
as astrocytoma, although an area next to it 
could yield pure glioblastoma. It is also pos- 
sible that an astrocytoma may become 
more malignant with the passage of time, a 
process which occurs in neoplasms arising 
in other parts of the Боду.“ 


MATEKIAL 

Our material consists of 425 cases of 
glioblastoma, verified by biopsy, seen at 
the Neurological Institute during a thirteen 
year period from 1943 through 1955. These 
were observed during a period when 4,839 
tumors of the central nervous system of all 
types were seen at the same institution. 
Forty-two cases (10 per cent) were diag- 
nosed as astrocytomas with glioblasto- 
matous changes (Grade 11). Six cases were 
diagnosed as astrocytoma on the first 
biopsy, and as glioblastoma on the second 
biopsy taken after recurrence of symptoms 
(Table 1). There were 257 male (60 per 
cent), and 168 female (40 per cent) patients 
The age distribution is given in Table п, 
365 of the 425 cases (86 per cent) occurred 
between the ages of forty-one and seventy. 
Location. Two hundred and ten cases 
(almost exactly 50 per cent) presented in 
the dominant hemisphere, 195 in the non- 
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dominant hemisphere, and 20 could not be 
classified as to precise location because 
they involved primarily the corpus cal- 
losum. The location as to the lobes of the 
brain is summarized in Table ur. In 180 
patients, the glioblastoma was found in the 
anterior (42.5 per cent), and in 230 in the 
posterior half of the brain including the 
temporal lobe. The corpus callosum and 
deep tumors could not be localized as to 
lobes. 

It is apparent from these figures that 
glioblastomas have no predilection for any 
specific area of the brain, but rather their 
location is related to the relative size of the 
lobes. 


TREATMENT APPROACH 


Prior to 1948 the prevailing philosophy 
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at the Neurological Institute was that 
treatment of glioblastoma was not con- 
sidered worthwhile. Of 114 patients seen 
in the period between 1943 and 1947, inclu- 
sive, 4I (36 per cent) had a partial resec- 
tion, but only 19 of this total group re- 
ceived radiation therapy. After 1948 an at- 
tempt was more often made to provide a 
radical surgical decompression by tumor re- 
moval when necessary by as much resec- 
tion of the lesion as possible when the 
tumor was in a favorable location. Of 311 
cases seen between 1948 and 1955, partial 
resection was accomplished in 136 (44 per 
cent). Frontal and anterior temporal 
tumors, particularly those in the nondomi- 
nant hemisphere, lent themselves more 
readily to a partial or subtotal resection. 
On the other hand, parietal and parieto- 
temporal glioblastomas tended to extend 
so deeply that usually only a small portion 
of the neoplasm could be removed. Follow- 
ing recovery from the surgical interven- 
tion, radiation therapy was given unless the 
patient was so ill that it was thought he 
would probably die within the ensuing 
days. However, some surgeons did not refer 
any of their patients for radiation therapy 


` following surgical intervention. 


In the years before 1953 the dose of 
radiation which was used was generally 
lower than that given in the last three 
years of the study. The first course of treat- 
ment usually consisted of a tumor dose of 
1,800 r to 2,000 r, given in 2 to 3.5 weeks. 
A second course of treatment of approxi- 
mately 1,500 r tumor dose given in about 
3 weeks was frequently delivered within 
the ensuing 3 months. In the last three 
years (1953 through 1955) a single pro- 
tracted course of 4,000 r tumor dose in 4-5 
weeks was usually delivered, with two 
exceptions: (1) in the frontal and fronto- 
parietal region 5,000-5,500 гіп 6 weeks was 
used; (2) tumors with radiologic and 
clinical evidence of deep extension received 
only 2,500 r tumor dose in 3 weeks, par- 
ticularly those in the dominant hemisphere. 
The field size was always ample to cover 
the tumor bearing area. In a small number 
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of cases whole brain irradiation was carried 
out for a midline dose of 2,500 r in 4 weeks. 


RESULTS OF TREATMENT 


Because the duration of symptoms prior 
to histologic diagnosis varies with the loca- 
tion of the tumor and with the ability of the 
patient to observe his own illness, it was 
thought wise to use the date of diagnosis to 
compute survival times in all of these cases. 

It is understood that some patients with 
glioblastoma are only partially disabled, 
until the final few weeks before death, 
whereas others are severely or totally dis- 
abled for a long time or throughout their ill- 
ness. In a study of brain tumors one should 
therefore consider survival and function. 
In the group reported by Frankel and 
German? only 40 per cent had slight or no 
disability; 33 per cent were severely dis- 
abled. Yet, the only absolute criterion to 
evaluate the results of treatment is the 
duration of life, since surgical and radiation 
treatment very often result in temporary 
improvement of the patient's disability, 
without prolonging the patient's life. Un- 
fortunately, observations related to the pa- 
tient's neurologic conditions during the dis- 
ease, some of which are subjective and some 
objective, cannot be used effectively in a 
statistical evaluation because of the many 
variable factors. For these reasons only 
survival time statistics will be-presented. 

It was first decided to establish the aver- 
age survival curve for our own cases (Fig. 
1), using the years 1943 through 1947 when 
most patients had a simple biopsy and no 
radiotherapy (64 out of 114). The curve 
shows that 95 per cent of the patients were 
dead three months after simple biopsy; all 
were dead within six months. 

This curve may be compared with that 
obtained from all cases undergoing partial 
surgical removal only (Fig. 2). As expressed 
on the operative note the amount of tissue 
removed varied from "partial removal" to 
"subtotal removal." As can be seen 86 per 
cent of patients were dead six months after 
surgical intervention, 96 per cent were 
dead twelve months after surgery. 


476 
100%, |. Glioblastoma 
^ Biopsy OnLy 
\ —— 1945 -1947 - No RADIOTHERAPY 
к (65 CASES) 
\ 
80% w --- 1943-1955 - RECEIVED RADIOTHERAPY 
` (3i Cases) 
M 
60%; У 
\ 
S 
\ 
Voy, x 
| У 
Я 
N 
20% X 
YS БЕА 
оў 








ү 3^ $ 38 € 4$ aF 36 36 58 69 Ji 


i Mo Р oven 
Survival Time in MowtHs 


Fic. 1. The solid black line represents the patients 
who had biopsy only during the 1943-1947 period 
when most patients were so handled to establish 
a baseline for survival. The dotted line represents 
the total number of patients from 1943 through 
1955 who had a simple bicpsy followed by radia- 
tion therapy. 


The dotted line curve on Figure 1 repre- 
sents the patients who had simple biopsy 
followed by a variable amount of radiation 
therapy. Fifty per cent were alive six 
months after biopsy. Two lived over four 
years. In this study any patient who re- 
ceived more than a few treatments was 
considered in the group that received 
radiotherapy. The dotted line curve on 
Figure 2 represents the group having par- 
tial resection. followed by radiotherapy. 
Sixty-eight per cent were alive six months 
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Fic. 2. The curves include all patients who had 
partial resection in the thirteen year period. 
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while 32 per cent were alive twelve months 
after diagnosis. 

A full course of radiotherapy requires 
that a patient live at least one month. 
Some patients died during the first month 
while receiving radiation therapy, but these 
were far fewer than those not subjected to 
radiotherapy. In this group only 7 per cent 
died while receiving radiotherapy in the 
first month, whereas 38 per cent of those 
not treated by radiation died within the 
first month: the former were on the average 
not as ill as the second group. 

For these reasons it was thought worth- 
while to tabulate the two groups of cases 
using only patients who had lived at least 
thirty days (Fig. 3). Another graph of pa- 
tients living at least sixty days following 
partial resection showed no difference in 
the survival curve. 

Survival curves were also plotted in rela- 
tion to the dose of radiation used. They 
were divided into 4 groups: (a) those re- 
ceiving under 2,000 г, usually around 1,800 
r, which included almost all cases treated 
prior to 1948 and almost half of those 
treated up to 1953; (b) those receiving 
2,000 to 2,900 r, £.e., almost half of those 
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Fic. 3. The curves are based on patients living 
thirty days or longer in order to eliminate the 
large group of patients who died in the initial 
thirty days following either biopsy or partial re- 
section. Essentially no difference in the survival 
curve was noted when it was compared with 
another set of curves based on a minimum survival 
of sixty days. 
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А 
treated between 1948 and 1952 and about 
a third of those treated in the 1953-1955 
period, as explained under "Treatment 
Approach"; (c) those receiving 3,000 r to 
3,900 г; and (d) those receiving 4,000 г to 
5,500 r (Fig. 4). 

It can be seen that while those receiving 
2,000 r or less had a shorter average sur- 
vival (50 per cent were dead in six months), 
there 1s no significant difference between 
those receiving 4,000 to 5,500 г and those 
receiving from 3,000 to 3,900 r. It is inter- 
esting to note from the curves in Figure 4 
that regardless of radiation dosage about Qo 
per cent of the patients were dead at eighteen 
months. 

Another comparison was made between 
the group having only biopsy followed by 
radiotherapy and the one having partial re- 
section plus radiotherapy (Fig. 5). Patients 
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Fic. 4. The curves include all of the patients who 
received radiotherapy in a thirteen year period to 
compare survival in relation to dose. From these 
curves it would appear that there is no significant 
difference between patients receiving over 2,000 r; 
however, there appears to be a significant dif- 
ference when the patients receiving over 2,000 r 
are compared with those receiving under 2,000 r, 
indicating that a dose of at least 2,000 r should be 
delivered. At twelve months there appears to be 
a slightly better percentage survival rate in the 
group receiving 4,000 r and up, but at twenty-four 
months and later there is no significant difference 
and, in fact, the percentage of patients receiving 
4,000 to 5,500 r who survived five years or longer 
is lower than in the other groups, as explained in 
the text. 
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Fic. 5. A comparison is made of the survival time of 
patients who had biopsy plus radiotherapy and 
those who had partial resection followed by radio- 
therapy. There is only a slight improvement in the 
results when partial resection plus radiotherapy is 
used. However, at nine months there is approxi- 
mately a 43 per cent survival in patients with 
partial resection plus radiotherapy, whereas biopsy 
only yields a 28 per cent survival. 


with partial resection plus radiotherapy 
had a better survival curve (43 per cent 
lived nine months) than those who had 
only biopsy followed by radiotherapy (28 
per cent lived nine months) in the period 
up to eighteen months. In addition, partial 
removal provides a decompression which 
has often resulted in rapid improvement of 
the patient’s neurologic status. 

The material was analyzed to see 
whether various factors such as sex, age of 
patient, and location of the tumor had any 
influence on survival. No significant differ- 
ences were encountered. No difference was 
noted between females under and over forty 
years of age. Patients with tumors in the 
dominant hemisphere did not die sooner 
than others. The same applied to frontal 
tumors when compared to those situated 
posteriorly. In fact, all tumors in all loca- 
tions and in patients of all ages, regardless 
of whether they were pure glioblastomas 
or astrocytomas with glioblastomatous 
changes, showed this inexorable course, 
modified by radiation therapy, to the point 
where approximately 10 per cent were alive 
eighteen months after diagnosis. 
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Fic. 6. This series of curves is only for patients 
treated between 1953 and 1955. At this time a 


single protracted course of treatment was used in 
most instances as explained under "Treatment 
Approach." Those patients receiving a single pro- 
tracted course of 4,000 to <,coo г were all dead at 
thirty months, whereas there were several sur- 
vivors in the group receiving between 2,000 and 
3,900 r, ranging up to six vears. 


In the entire group of 425 surgically veri- 
fied cases, only 7 lived five vears or longer 
and only 4 were alive at the time of this 
study. The dose of radiation did not seem to 
be a significant factor in the long survival: 
2 of these 7 patients received under 2,000 r, 
2 received between 2,0со and 3,000 r, and 3 
received between 3,000 r and 4,000 r. It is 
interesting that there are no long term sur- 
vivals in the group receiving a single pro- 
tracted series of 4,000 r to 5,500 r (Fig. 6). 
The one case indicated on the curve of 
Figure 4 was treated prior to 1953 and con- 
sequently received this amount in 3 
separate courses of about 1,500 r to 1,800 
r each. This may not be statistically sig- 
nificant since only about 20 patients who 
were seen between 1953 and 1955 were 
treated. with a single protracted course. 
However, in the same three year period 
there were 2 cases receiving between 3,000 
and 3,900 r, and 1 case receiving between 
2,000 and 2,900 r which survived five years 
(Fig. 6). Further evaluation of these figures 
with more cases added subsequent to 1955 
is necessary and is being carried out at the 
moment. 
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SUMMARY 

The survival statistics in cases of glio- 
blastoma multiforme here reported are in 
substantial agreement with those reported 
by other authors.'? The three vear and five 
year survival rate was 11 per cent and 7 
per cent respectively in the 125 cases re- 
ported by Bouchard and Pierce.! These 
figures are somewhat higher than those in 
our group of cases, but this may be due to 
the pathologic interpretation. Some path- 
ologists might tend to include a somewhat 
atypical tumor in the Grade 11 astrocy- 
toma series when it is actually a Grade п 
lesion, a more benign tvpe. The reverse ma y 
be true in other laboratories. Our Grade тш 
cases had substantially the same survival 
curve as the cases of “риге” glioblastomas 
(Fig. 7). 

It is apparent that radiotherapy is 
capable of prolonging life provided that the 
patient lives for at least thirty days after 
diagnosis so that the course of treatment 
can be completed. In order to accomplish 
this it is necessary to perform a surgical de- 
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Fic. 7. The curves, which apply to tumors classified 
as astrocytoma with glioblastomatous changes by 
our pathologists, demonstrate that the curve in 
the “surgery only” group is identical to that in 
the genera! group seen in Figure 1 (solid line). 
The only difference between this group and the 
pure glioblastomas is that at eighteen and twenty- 
four months there was approximately a 27 per 
cent survival, whereas in the curve of Figure ¢ it 
is apparent that survival was about 10 per cent 
at this time. At thirty-six months, however, the 
figures are quite similar. 
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compression in a high percentage of cases. 
A flap should be lifted for as much tumor 
removal as possible. This can be done with- 
out increasing the patient’s neurologic 
deficit, even in vital areas of the brain, pro- 
vided that the surgical removal is confined 
to the tumor. Even though survival time is 
not lengthened (до per cent are dead in 
eighteen months), the rapid improvement 
in symptoms following such surgical inter- 
vention is often beneficial in prolonging the 
patient’s useful period of survival. 

On the basis of these statistics we advo- 
cate adequate surgical decompression, par- 
tial or gross total removal of neoplasm, if 
possible, followed by radiation therapy to 
be started six or seven days after surgical 
intervention, or sooner (third day) if needle 
biopsy only was performed. The dose of 
radiation in the first three to six days of 
treatment should be increased gradually 
until a daily dose is reached sufficient to de- 
liver the prescribed amount of radiation in 
the optimum time. 
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THE RADIUM TREATMENT OF RECURRENT 
CANCER OF THE UTERINE CERVIX 


By J. ERNEST BREED, B.S., M.D. 


CHICAGO, ILLINOIS 


N PUBLISHED reports on the treat- 

ment of invasive cancer of the uterine 
cervix, most authors include all the pa- 
tients they have seen. Undoubtedly, every 
large series also comprises some patients 
with recurrent cervical cancer. Ву recur- 
rent cancer I mean recurrence of the 
primarv tumor after apparent complete de- 
struction. It is obvious that nearly all “re- 
current" cancers are, in realitv, persistent 
cancers and that many "cured" patients 
probably have viable tumor cells locked in 
post-therapy fibrosis. Occasionallv, sev- 
eral vears after apparent complete recov- 
ery, a patient will develop regrowth at the 
site of the primary lesion. Patients who de- 
veloped metastasis subsequent to destruc- 
tion of the primary lesion are not included 
in this series unless the primary growth also 
recurred. 

According to the scantv information in 
the literature, these patients are usually 
treated in a palliative way only. Van Herik 
and Fricke! in 1955 reported a series of 110 
cases of recurrent cancer of the female geni- 
tal tract of which 58 involved the cervix, 
the vagina or the corpus. In their series 
they attempted curative therapy when- 
ever possible. Of 5 patients with recurrent 
tumors involving the cervix or corpus, 3 
lived over five years. Two, with recurrences 
in the vagina only, made complete recover- 
ies. Of 4 cases involving the cervix and the 
vagina, 2 recovered and 5 of those 47 cases 
with recurrence involving the cervix, va- 
gina and parametria lived over five vears 
free of disease. The only other article found 
on this subject is one bv Calkins,! who re- 
ported a similar series of 233 patients re- 
quiring retreatment. Most of these recur- 
rences, however, were in sites other than 
the cervix. 

Of about 300 cases diagnosed as invasive 


cancer of the cervix and treated in mv 
office between 1933 and 1957, 5 were re- 
admitted later with recurrences of the 
primary growth. Forty-nine other patients 
who had recurrent primary lesions after 
previous treatment elsewhere are also in- 
cluded in this study. All patients had been 
apparently well for at least three months 
and 40 for over six months. The purpose of 
this paper is to report the series of 54 cases 
and to emphasize that many patients who 
have recurrences of the primary cervical 
cancer may be salvaged with individual- 
ized radium treatment. 


MATERIAL 

All patients had recurrent or persistent 
cancer in the vagina. Many patients dem- 
onstrated advanced disease with metas- 
tases or with frozen pelves. Two of the pa- 
tients previously treated by panhysterec- 
tomy presented distant metastases. 

Since most patients who developed pri- 
mary cancer of the cervix between 1933 and 
1945 were treated with radium or roentgen 
irradiation, or both, those with recurrent 
lesions admitted during these vears had 
been treated similarly. Between 1945 and 
1957 most of the patients suffering with 
recurrence of their cervical cancers had 
been previously treated surgically. 

The average time between the first treat- 
ment and retreatment of the primary re- 
currence was 15.8 months and varied from 
three months to ten years. Of 51 patients 
whose time interval between the first 
treatment and retreatment was three vears 
or less, the average was 11.4 months. It 
was usually difficult to obtain a thorough 
history of the former treatment but the 
type of surgery performed was known. For 
radium therapy usually the “T” type ap- 
plicator was emploved for about three days. 
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Of the 54 cases, 3.7 per cent were classi- 
fied as Stage 1, 35.1 per cent as Stage 11, 
37.2 per cent as Stage irr, and 24 per cent 
as Stage 1v. Five cases discontinued ther- 
apy, 21 were treated for palliation only and 
28 were given a full course of treatment as 
it was believed complete recovery was pos- 
sible. 


TREATMENT 

The technique used in my office is quite 
different from that found in most centers. 
I feel that the divided dosage has more ef- 
fect on the tumor and less on the normal 
tissues in all forms of radiation therapy. 
With this method it is possible to deter- 
mine the relative sensitivity of both tumor 
and normal tissues as the treatment pro- 
gresses and thus to learn the most effective 
dose for each individual tumor. All pa- 
tients are carried as out-patients. Irradia- 
tion is started by administering one-half 
hour daily exposures with a vaginal appli- 
cator containing 400 mg. or more of ra- 
dium. 

A long vaginal speculum is inserted and 
opened as widely as possible. A gold plate 6 
mm. in thickness is placed inside the pos- 
terior blade beneath the cervix. A plastic 
ovoid containing the radium tubes is so 
shaped that the dosage is the same on all 
its surfaces. The applicator is fixed to the 
end of a long aluminum rod. For successive 
treatments it is placed resting on the gold 
plate against the end of the cervix or in 
either lateral fornix. If the cervix has been 
removed, the ovoid is placed in the vault 
around the growing edge of the recurrent 
tumor. It is fixed by cotton or gauze pack- 
ing and a double "T" binder holds the 
speculum and applicator firmly in place 
throughout the duration of the short treat- 
ment. The gold plate protects the rectum. 
The widely opened speculum also aids in 
protection by forcing the bladder and rec- 
tum away from the applicator. Seldom does 
frequency. of urination or diarrhea appear 
and serious damage to the bladder, ureters, 
or rectum almost never occurs. External 
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therapy is utilized only in patients with ad- 
vanced disease. 

All cases are individually evaluated. The 
persistent tumor tissue is adequately ir- 
radiated. If the patients have been previ- 
ously treated with radium, they are re- 
treated with caution. The dosage is carried 
to the tolerance of the normal tissues. The 
same general rule is utilized in recurrences 
which follow surgery. An average dose to 
Point “А” is 8,000 to 10,000 gamma roent- 
gens over a four to six week period. 

If the uterus is still present and if the 
cervical canal can be found, about one- 
third of the dose is delivered by means of 
a slender intrauterine applicator. This ap- 
plicator is only inserted after the vaginal 
treatment has been completed and no 
tumor is present in the cervical canal when 
it may be introduced without traumatic 
dilatation. Additional radium bomb or 
roentgen-ray treatments are administered 
over the lateral pelvic areas in Stage m1 
and Iv patients. 

At the Radiumhemmet in Sweden, long 
known for its efficiency in the treatment of 
cervical cancer, a routine technique of 
radium therapy has been discontinued and 
now each case is considered individually. 
In my experience, no 2 patients are alike in 
their anatomic structure, their reaction to 
irradiation or in the extent of their tumors. 
Thus, it is necessary to modify the tech- 
nique with each patient. 


HISTORIC DATA 


Figure t shows the age distribution of the 
patients. The largest number of patients 
was found in the fifty-one to sixty-five 
year age groups: 7 in the fifty-one to fifty- 
five year, 10 In the fifty-six to sixty vear 
group, and g in the sixty-one to sixty-five 
year age bracket. The youngest patient was 
twenty-eight years and the oldest patient 
sixty-nine years of age. The average age 
was 50.5 vears. 

Fifty of the patients were married or 
widowed. Children were born to 67.7 per 
cent; of these 20.5 per cent had 1 child, 


ы 


Ages 25 31 36 41 46 51 56 6l 66 
30 35 40 45 50 55 60 65 70 
Fic. 1. Age distribution of patients in reported series 
(age unknown in 5 patients). 


29.4 per cent had 2 children and 17.8 per 
cent had from 3 to 10 offspring. 

It was dificult to obtain information re- 
garding the exact duration of symptoms 
before the patients had their surgery or 
first radiation therapy. The time recorded 
varied from two weeks to three years: 47.6 
per cent went to their family physicians 
within three months after their first symp- 
toms; 21 per cent between 3 and 6 months; 
23 per cent between 6 months and one 
year; and 8.4 per cent between one and 
three years. The average length of time 
from beginning of symptoms until they 
saw their family doctors was 6.5 months. 
As these periods of delay are somewhat 
shorter than usual in a series of cervical 
cancer, they are suggestive that on the 
whole these patients, when first seen, were 
in the early stages of the disease. This con- 
clusion is reasonable as many of the pa- 
tients were initially operated upon and few 
surgeons would attempt definitive surgery 
in any but an early case. The clinical data 
before admittance to my office are quite 
different. None of the patients reported 
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had been ill less than five months. Ten, or 
18.6 per cent, came between five and six 
months after their first symptoms; 15, or 
27.6 per cent, had had DE rom SIX 
months to twelve months; 18, 2 per 
cent, from 1 to 2 years; asd 11, or 2. 26 per 
cent, over 2 years. The average anaron of 
illness was ne months. 

Vaginal discharge was a complaint in 
92.5 per cent of the patients in this series, 
and 90.7 per cent complained of bleeding. 
Pain was a symptom in 35.1 per cent, but 
only in patients with ый disease. 
The recurrent vaginal tumor varied in size 
from 1 cm. to 15 cm. in greatest diameter. 
Two patients had lesions of 1 cm. in 
diameter, 5 of 2 cm., 15 of 3 cm., g of 4.cm., 
6 of 5 cm., 6 of 6 cm., and 9 had desons of 7 
cm. in diameter or larger. The ауес 
greatest diameter of all lesions was 4.6 cm. 
The exact diameter of 3 cases was not re- 
corded. 

Ulceration was present in 47, or 87 per 
cent, and in 41 the tumor was friable. The 
entire vaginal wall was involved in 4; the 
superior three- -quarters in 5; one-half of 
the canal in 17; and the vault alone in 18 
patients. The tumor mass was completely 
fixed in 13, and partially fixed in 17 pa- 
tients. The urinary. bladder was invaded 
in 3 patients. Distant metastases had oc- 
curred in 2 patients. Parametrial involve- 
ment was found in 40, or 74 per cent. 


RESULTS 


Table 1 gives the type of previous treat- 
ment of the entire series of patients and the 
end result after retreatment. 

Seven patients had been first treated bv 
cautery. It is assumed that these were pa- 
tients in whom the physician mistook an 
early invasive cancer for chronic endo- 
cervicitis. Of 3 patients who had had only 

cauterization, 2 were referred after six and 
nine months (Stages 11 and 111) and even- 
tually made complete recoveries. One, re- 
ferred after a delay of one year (Stage 11) 
may have recovered but was lost to follow 
up after eight months. Of the 4 remainin 
patients who were first cauterized, 1 ми 
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Tasre 1 (Continued) 
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further treated by cervical amputation 
while pregnant and five months later was 
referred to my office (Stage 1). She died of 
her disease after eighteen months. Two pa- 
tients were treated with additional roent- 
gen irradiation after cauterization. One 
was referred after three months (Stage 1v) 
and died of her disease two vears after 
radium treatment. The other patient, re- 
ferred one year after cautery and roentgen 
therapy (Stage п), completely recovered. 
The seventh patient whose initial treat- 
ment was cauterization also had been given 
radium therapy and was referred two years 
later for palliative radium therapy (Stage 
1v). She died after three months. 
Amputation of the cervix was the pri- 
mary treatment administered to 2 pa- 
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tients. One of these, referred after four 
months (Stage 11), made a complete recov- 
ery. The other patient, who received ra- 
dium therapy and was referred after one 
year (Stage 11), refused to complete her 
course of treatment and died of disease 
after two vears. 

Supravaginal hysterectomy for bleeding 
was the primary treatment in 4 patients. 
Two had additional cauterization of the 
cervix. One of these, referred after six 
months (Stage 11), died of disease two years 
after retreatment with radium, and the 
other patient, referred after ten months 
(Stage 11), made a complete recovery after 
treatment for the recurrence. Following 
supravaginal hysterectomy, a third patient 
received radium therapy. After 17 months 
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(Stage т) she was referred to me and made 
a complete recovery after retreatment with 
radium. The fourth patient who had had a 
supravaginal hysterectomy was given roent- 
gen therapy immediatelv, followed by a 
second course of radium and roentgen ther- 
apy. Five months later (Stage 11), she re- 
sponded well to additional radium therapy 
administered in my office and was lost to 
follow-up after eighteen months. At this 
time she was apparently free from disease. 

Two patients were irradiated first and 
then subjected to panhysterectomies. One 
of these received both radium and roentgen 
irradiation and 1 had radium therapy alone 
before operation. Both were referred to me 
about one year later (Stages 11 and ту), 
and both died of disease within six months 
after retreatment. 

'Thirteen patients were first treated by 
panhysterectomies. Few, if any, had lymph 
node dissections. It is of interest that 2 had 
evidence of distant metastasis in addition 
to vaginal recurrence. when seen in my 
office. Four of these patients had a course 
of roentgen therapy postoperatively. One, 
referred after 1 year (Stage 111), died of dis- 
ease two years after retreatment. One, re- 
ferred after two and one-half years (Stage 
тп), died of disease fourteen months after 
retreatment. Of the remaining 2 patients, I 
was referred after two years (Stage ту) and 
made a complete recovery after retreat- 
ment. The other patient, referred after six 
vears (Stage ту), lived with disease for four 
more years. Of the remaining patients 
whose original treatment consisted of pan- 
hysterectomy, 1, referred after twenty- 
eight months (Stage 11), discontinued 
treatment; 5, referred from six months to 
one year after operation (4, Stage Iv, I, 
Stage 111), died from three months to two 
years after retreatment. The remaining 3 
patients, referred three, four and twenty- 
one months following operation (all Stage 
п), recovered completely and are alive 
after twenty years, nine years and six 
vears, respectively. 

One patient, who had received one course 
of roentgen therapy was referred to me 
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three months later (Stage 111), and died five 
months after retreatment. One patient, 
given two courses of roentgen-ray therapy, 
referred after one vear (Stage 11), is living 
and free of disease four vears after retreat- 
ment. 

Radium therapy alone was administered 
primarily in 15 patients, 5 of whom were 
first treated by me. These 5 were vigorously 
treated. Recurrence was noted three 
months, seven months, eighteen months, 
twenty-one months and — twenty-two 
months, respectively, after completion of 
their first course of treatment. One patient 
(Stage 11) is living and well four years after 
the second course of therapy. The 4 remain- 
ing patients have succumbed to their dis- 
ease; 2 after two years (Stage п) and 2 
after three years (Stage 111). Of the то pa- 
tients receiving their initial radium treat- 
ment elsewhere, 2 discontinued treatment 
(Stage Iv); of 4 patients (2, Stage rir, 2, 
Stage 1v), referred before one year had 
elapsed, all died of disease between three 
and five months. These patients had ad- 
vanced disease and were treated with 
radium for palliation only. One patient, re- 
ferred after seven months (Stage 11), lived 
3 vears with cancer. One patient, referred 
after one year (Stage 11), was living and 
well three vears later. One patient, re- 
ferred ten years after her original treatment 
(Stage 1), was alive and well four years 
later and was burned to death in a fire. One 
patient, referred after six months (Stage 
111), is well eleven years after treatment of 
her recurrence. 

Radium and roentgen therapy were the 
primary treatments for 9 patients. Six pa- 
tients, referred from five to twenty-nine 
months after their first treatment (4, Stage 
it, 2, Stage п), died of cancer from seven 
months to two vears after retreatment 
with radium. Four of these patients re- 
ceived palliative therapy only. The re- 
maining 3 patients who received radium 
and roentgen-ray therapy primarily had 
also received additional roentgen-ray ther- 
apy and were referred to me eight months 
to one year later. One of these patients 
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Taste H 
THREE YEAR RESULTS 
Total Cases 54 
Indeterminate Cases 
Discontinued Treatment 5 
Lost To Follow-Up 2 
Determinate Cases 
Living and Well 15 ( 31.9%) 
Dead of Disease 28 ( 59.6%) 
Living with Cancer 4 ( 8.5%) 
47 — (00.0%) 


FIVE YEAR RESULTS 
Total Cases 51 
Indeterminate Cases 
Discontinued Treatment 5 
Lost To Follow-Up 4 
Dead of other Disease 2 


LI 

Determinate Cases 
Living and Well 10 
Dead of Disease 30 





(Stage 11) discontinued treatment and the 
remaining 2 patients (Stage 111), given palli- 
ative therapy only, died of their disease 
four and ten months later. 


Table п gives the results of treatment of 
all £4 patients who had recurrent cancer of 


the uterine cervix. The three vear results 
show that in the indeterminate group are 7 
patients; 2 were lost to follow-up and $ dis- 
continued treatment. In the determinate 
group of 47 cases, 28 died of cancer in less 
than three years; 4 lived with cancer three 
years or over; and 15, or 31.9 per cent were 
apparently free from disease. Of 40 cases 
(determinate) in the five year group, 30 
died of disease and 10, or 25 per cent were 
alive and free of disease. 


DISCUSSION 
Paterson? states, “When local recurrence 
follows operative treatment, a single ovoid 
or thick sorbo tubing with central radium 
in the vagina will relieve the local symp- 
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toms, but only palliation is to be expected. 
When recurrence follows a full course of 
radiation therapy, treatment can only be 
directed to the relief of pain.” It is prob- 
able that the recurrent cervical cancer 
cases seen by Paterson had previously been 
subjected to more radical treatment than 
had the average patient in this series. 

The preliminary treatment of many of 
the reported cases indicates the necessity 
of making a diagnosis before therapy is 
undertaken. It is assumed that those pa- 
tients treated by supravaginal hysterec- 
tomy, Sturmdorf operation, or simple 
cauterization were treated under mistaken 
diagnoses. It is also possible that the force- 
ful insertion of a "T" type radium applica- 
tor and the administration of a predeter- 
mined dose in three days is to invite failure 
through traumatic spread of the growth or 
through inadequate or excessive dosage. 

In recent vears the popular trend toward 
simple hysterectomy has resulted in an in- 
creasing number of recurrent lesions. It is 
dificult to understand why surgery is so 
frequently used in this country in Stage 1 
and п cancer of the cervix, while for the 
most part elsewhere in the world radium 
therapy alone is employed. A forceful edi- 
torial by Reis? emphasizes that cancer of 
the cervix is not a surgical disease. His logic 
is sound and reasonable. What statistics 
are available show that properly applied 
radium therapy results in a much higher 
percentage of cures than surgery. Func- 
tional anatomy is also preserved. 

Many authors recently have made the 
observation that tumor cells are often 
transplanted by means of suture thread 
and they have stressed the frequent finding 
of free tumor cells in the operative field. 
The frequency of recurrence and of bizarre 
distant metastasis following surgery indi- 
cates that the cancer surgeon should be 
specially trained in the pathology of cancer. 

Recurrence after irradiation has usually 
occurred when a “T” type applicator has 
been used in a “routine” manner for three 
days. Because all patients are different and 
no two tumors are alike, individualization 


Vor. 87, No. 3 
of the patients and the divided dose tech- 
nique are necessary in the treatment of 
cervical cancer. This is substantiated by 
the results obtained in the present series; 
there was a five year cure rate in deter- 
minate cases of 25 per cent in patients with 
recurrence of the primary cervical cancer. 


SUMMARY 


Of about 300 patients treated for cancer 
of the cervix uteri, £4 had recurrent lesions. 
These cases were treated three months to 
seven years previously. Many also had 
metastases or extensive pelvic involvement. 

In the three vear group, 21 patients were 
given palliative treatment only, while 28 
received a complete course of radium ther- 
apy. Five patients discontinued therapy. 
Two patients were lost to follow-up. Of the 
remaining 47 cases, 15, or 31.9 per cent, 
made a three vear clinical recovery. Of 40 
determinate patients in the five year group, 


Recurrent Cancer of the Uterine Cervix 


487 


10 or 24 per cent, recovered. 

It is evident that an appreciable number 
of patients with recurrent or persistent 
cervical cancer after definitive treatment 
may be salvaged with individualized ra- 
dium therapy, if the tumor is still confined 
to the vagina or adjacent structures. 


ss East Washington Street 
Chicago 2, Illinois 
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COMPARATIVE STUDY OF SUPERVOLTAGE 
RADIOTHERAPY TECHNIQUES IN SOME 
PELVIC MALIGNANCIES* 


By JOSE NORIEGA L., M.D., D.M.R. (London),t and ARMANDO LOPEZ, M.D.i 


MEXICO CITY, MEXICO 


HE first supervoltage equipment in 

Mexico was installed in July, 1956, at 
the Radiotherapy Department of the 
National Cancer Institute in Mexico City. 
It was a theratron junior unit with 600 
curies, the only source available for us at 
that time. Soon after, another hectocurie 
unit, a Keleket Barnes, was available for 
our work in another clinic. It was planned 
to use this equipment mainly for the treat- 
ment of carcinoma of the cervix, the prev- 
alent malignant  neoplasic disease in 
Mexico. 

It was decided at that time to treat this 
malignancy along three main lines: (1) 
Carrying on as before, treating the primary 
lesion by radium and using supervoltage 
external irradiation exclusively for the 
treatment of the parametria and the pelvic 
lymph node chains; (2) irradiating the 
whole pelvis by external irradiation only; 
and (3) using external irradiation of the 
whole pelvis followed by local supple- 
mentary radium treatments at lower dos- 
age, or transvaginal roentgen therapy or a 
concentration of an extra dose by the small 
volume rotational technique. 

For the past four and a half years, a total 
of 802 patients with carcinoma of the 
cervix has been treated along these lines, 
predominantly the first, with the hecto- 
curie Co™ units. 

Two years ago, a new Radiotherapy De- 
partment at the Mexico City Medical Cen- 
ter was equipped with three large tele- 
cobalt units and a 15 теу. betatron for 
electron and roentger-ray therapy. It was 
then decided to make a comparative studv 
of some of the current radiotherapy tech- 
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niques employing external irradiation in 
carcinoma of the cervix, bladder and ovarv. 
To study depth dose distribution, a survey 
was made by ionometric, computational, 
photodensitometric, and clinical measure- 
ments. The aim was to find the most suit- 
able technique for the individual patient 
from the physical and clinical points of 
view, making at the same time the neces- 
sary comparisons with our technique at 
200 kv. and the previous experience with 
the hectocurie telecobalt units. 


EQUIPMENT 


The equipment in this survey consisted 
of two Siemens gammatrons, each loaded 
with a 1,600 curie Co™ source for pendular, 
tangential rotation and static techniques; 
a theratron senior with a 2,000 curie Co^" 
source, and a 15 mev. Siemens betatron for 
stationary, pendular and tangential rota- 
tion with roentgen ravs or electron beam. 

We used a "Simplex" dosimeter with 
standard and intracavitarv micro cham- 
bers, with accuracy up to 1/10th of r for 
dose rate and integral measurements. Com- 
parative measurements were undertaken 
with the Siemens and Philips universal 
dosimeters. A Victoreen with 25, 100 and 
200 r chambers was kept as a standard 
against the U.S.A. National Bureau 
of Standards measurements, calibrated 
through the Physics Laboratory of the 
M. D. Anderson Hospital, Houston, Texas. 

The roentgen was kept as a unit of ex- 
posure and the rad to express tissue dosage 
only. With energies up to 250 kv., measure- 
ments were taken in roentgens with the 
standard ionization chambers. A 4 mm. 
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lucite cap was used for cobalt 60 and for 
the betatron roentgen ray beam; the 
chamber was mounted in the center of an 
amber cylinder 7 cm. in diameter. The term 
"nominal r" was adopted in the Depart- 
ment for these last two levels of energv. 

We had a plexiglas water phantom with 
an oval shaped transverse section 20X30 
cm. with a special device to introduce ioni- 
zation chambers and locate their position 
in two planes, to check calculated dis- 
tributions in some moving field techniques. 
A semi-automatic water phantom was em- 
ployed to elaborate some 1sodose curves 
for the gammatrons. Photodensitometric 
studies were made in a pressdwood phan- 
tom with oval shaped slabs 2 ст. thick and 
20 X30 cm. in diameters. Also, a sectional 
paraffin wax phantom with pelvic bones 
included and outlined with lead wire was 
used to take radiographs for some moving 
field techniques at 250 kv. and Co". 

Depth dose distributions for the thera- 
tron were worked out using the isodose 
curves provided by the Canadian Atomic 
Energy Commission. The computational 
methods for moving field therapy were 
based on the well.known procedures of 
Braestrup and Mooney,’ and of Johns and 
his colleagues." * 

To spare the use of the betatron dough- 
nut in lonometric measurements, a wide 
use of film dosimetry was planned. Type M 
Kodak industrial film was chosen and a 
complete logarithmic characteristic curve 
of sensitivity was made for each lot. Rigid 
constant darkroom conditions were kept 
throughout this work. A very sensitive 
photodensitometer mounted on a special 
home-made view box proved to be a most 
reliable and useful tool for this purpose. 


CARCINOMA OF THE CERVIX 


PARAMETRIAL TECHNIQUE WITH STATIC FIELDS 


In Stage 1 and 11 cases in. which intra- 
cavitary radium application is contem- 
plated, the external irradiation should be 
planned to cover the lateral aspects of the 
parametria, the uterosacral ligaments, the 
obturator, external ihac, hypogastric, pre- 
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sacral and common iliac lymph nodes. 

In patients with anteroposterior diam- 
eters less than 1g cm., two opposing portals, 
15 ст. wide and 12 to 14 cm. high, with a 
center lead block so as to produce geo- 
metric screening 4 cm. wide at the mid- 
pelvis, could be used to deliver one-hun- 
dred per cent with Co® at the level of the 
parametria. In this way, however, there 
is always an undesirable overloading of 
the subcutaneous tissue. The same re- 
sults can be obtained with the use of two 
pairs of opposing fields, 6X 14 cm., 2 ст. off 
the middle line. Figure 1 shows the radio- 
graph (4) obtained and the depth dose dis- 
tribution (D) for Co teletherapy at 75 
source skin distance for two pairs of oppos- 
ing fields. In thin patients, these two fields 
give a good depth dose, but there is always 
an overloading of the subcutaneous tissue. 
To avoid this, it is preferable to use three 
parametrial portals, an anterior, a sacral, 
and a gluteal field, 10X6 cm. (А). A hot 
spot with the highest depth dose is formed 
at the level of the uterosacral ligament, so 
often involved in late Stage 11 and 111 cases. 
A good covering of the parametria and 
main lymph node chains is achieved within 
the 80 to 9o per cent curves of the maxi- 
mum depth dose. On the other hand, the 
overloading of the anterior field produces a 
forward displacement of the hot spot, if de- 
sired, toward the mid-pelvis. А betatron 
beam gives a well limited volume of radia- 
tion with no side scatter and no contribu- 
tion to the center of the pelvis (B). The 
200 kv. radiation with the same technique 
produces a very wide beam in the depth 
with a high contribution to the center and 
a poorlv limited volume of radiation with 
diffuse scatter resulting in a foggv appear- 
ance of the whole radiograph (C). 

Figure 1 F illustrates measurements in 
a phantom 2c X 30 cm., showing the greater 
depth dose, the larger volume of homo- 
geneous irradiation. and the diminished 
irradiation of the subcutaneous tissue with 
the increase of the energv from 200 kv. to 
Со®% and 15 теу. when two opposing fields 
are used. The doses are expressed as 100 
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nominal roentgens given to each of the op- 


fields. 
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FARAMETRIAL 1 ECHNIQUE WITH ROTATION THERAPY 


Rotation therapy at 250 kv. can produce 
a very high depth dose at the parametrial 
level but it is a poor cancer coverage 
technique. Several vears ago, the Becker 
arrangement of two lateral convergent 
pendulations plus perineal pendulation, 
using the Müller T U. 1 250 kv. machine, 
was studied in our department. À good 
depth dose was obtained in the parametria 
but the lvmph node arcas were not 
sufficiently irradiated. With supervoltage, 
even higher depth dose could be delivered 
by simple 110? or 120? lateral pendulation. 
Film dosimetry and phantom measure- 
ments showed again the poor covering of 
the lymph node bearing areas and also a 
high contribution to the mid-pelvis. Thus, 
moving field techniques for parametrial 
irradiation were not considered useful in 
this survey. 
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Fic. т. Carcinoma of the cervix: Parametrial 
technique; static fields, (A) Radiograph taken 
in phantom. Two opposing 15х14 cm. 
fields with central lead block, using a cobalt 
бо unit. (B) Same as Æ, using a betatron 
unit. (C) Same as 4, using a 250 kv. unit. 
Note the sharp beam without scatter ob. 
tained with the betatron compared with the 
diffuse widening of the beam and foggy ap- 
pearance of the film due to scatter with a 
250 kv. unit. 


With moving field techniques, we were 
able to produce an interesting distribution 
obtained only with high energy radiation 
and at its best with the betatron with 
energies above то теу. This is shown in 
Figure 2 and we call it "internal tangential 
rotation." It is produced with 150 and 170? 
anterolateral pendulation, with a 15° tilt- 
ing off the axis of rotation and centered at 
4 or 5 ст. out of the mid-line in the poste- 
rior third of the parametria. We have not 
been able yet to find a computational 
method to calculate the depth dose. It 
should be further studied since it permits a 
very high concentration of radiation in the 
depth, covering satisfactorily the lymph 
nodes in the anteroposterior directions, 
with full irradiation of the lateral aspects of 
the parametria, thus complementing the 
lateral spread of radiation given by intra- 
cavitary radium. 


WHOLE PELVIS IRRADIATION 


Two-field arrangement. The simplest ar- 


rangement is the use of two opposing fields, 
14X12 cm. or 15X12 cm., over the pelvic 
contents. In this way, it is possible to de- 
liver a high dose to the depth but a high 
over-dosage of subcutaneous tissue is pro- 
duced, particularly in the case of Co? 
(Fig. 3, 4 and D). This situation is im- 
proved with the betatron, due to the depth 
at which electronic build-up is produced. 
Also, the volume of tissue receiving homo- 
geneous irradiation is larger. On the other 
hand, the larger this volume, the greater 
the amount of intestine irradiated. It is a 
useful technique for simple palliation in 
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Fic. 1. Carcinoma of the cervix: Parametrial 
technique; static fields. (D) Depth dose dis- 
tribution with two opposing 6X14 cm. 
fields showing the overloading of the sub- 
cutaneous tissue, with a Co® unit at 75 ст, 
source skin distance. (E) Depth dose dis- 
tribution in the three-field technique with a 
Соб unit at 75 source skin distance. An- 
terior, sacral and gluteal fields. The crosses 
mark the main lymph node areas. (А) 
Diagram comparing depth dose with 250 
kv., Co® and betatron units. The distance 
between the tips of the arrows is the volume 
of homogeneous irradiation with two oppos- 
ing parallel fields. One hundred "nominal г” 
to each of the fields. 


very advanced cases and it could be supple- 
mented by small amounts of intracavitary 
radium, or rotational small volume con- 
centrations in the mid-pelvis. 

Three-field arrangement. The next step 
was to survey the techniques using three 
fields to cover the whole of the pelvis. The 
results are shown in Figure 3, B and E. For 
this three-field technique, it was found that 
the Co? unit produces a better distribution 
than the betatron because the exit dose is 
lower. Most of the studies were done at this 
level of energy at 75 source skin distance 
with the theratron and the gammatrons. A 





Vic. 2. Carcinoma of the ceroix: Parametr геи T 
internal tangential rotation sith 15 mev. betatron 
unit, This is obtained with aotorse Santerolateral 
pendulation with a 14° tilting off the axis of rota. 
tion. 


good distribution is obtained with this ap- 
proach using fields in a "Y" arrangement, 
and it is possib le to deliver 6,000 to 6,500 

rads within six to seven weeks, We have 


not been able to do it in a shorter time, due 
to the severe 


rectal reactions. 
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A variety of the three-field technique 
with a telecobalt machine can be used for 
early cases of carcinoma of the cervix with 
exophytic tumors. In these cases, it is con- 
venient to treat the primary lesion by ex- 
ternal radiation in tin to diminish the 
tumor mass and to permit a better geo- 
metric radium application. Pre-radium ar- 
rangements with three fields: one anterior, 
with a lead block in the middle to produce 
screening of 4 to 4.5 ст. in the depth and 
two posterior ones converging toward the 
center give a good distribution (Fig. 3, C 
and P). Sixty per cent of the maximum 
depth dose is delivered at mid-pelvis while 
the parametria receive a homogeneous 
irradiation with the maximal depth dose. 
When 1,000 or 1,506 rads have been given 
to the primary tumor, Intracavitary ra- 
dium application is ci wried out followed by 
the standard three-field parametrial tech- 
nique described above. The advant: age of 
this arrangement is that the over-all time 
is kept easily within a six week period since 





Vic. 3. Carcinoma of the cervix: 
irradiation. (4) Radiograph em in phan- 
tom. Two parallel opposing 15X32 em. 
fields with Сон unit at 75 cm. source skin 
distance. (В) Three field technie ique. (C) 
Pre-radium three field technique. The an- 
terior 15X12 em. field is sa by a lead 
block giving 4 cm. screening in the depth. 


Whole pelvis 
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the parametria are irradiated simulta- 
neously with the primary tumor, prior to 
the radium application. In our hectocurie 
therapy experience, it has proved to be a 
useful procedure. 

Four-field arrangement. The results ob- 
tained with the possible arrangements us- 
ing four static fields can be seen in Figure 
4, 4-F. Portals 10X14 cm. or 10X12 cm., 
centered in mid-pelvis at 45°, allow the de- 
livery of a high dose to a great volume ina 
much better fashion than with 200 kv. 
This procedure allows a homogeneous 
irradiation of the whole pelvis and of part 
of the abdominal cavity, limited only by 
the tolerance of the intestine and bladder, 
which are included in the volume of high 
dosage. It is indeed the classic technique 
for the treatment of ovarian tumors when 
the Manchester bridge or strip techniques 
are not used. At the 15 mev. level, the 
volume obtained in this arrangement is 
more precisely limited with по side 
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Vic. 3. Carcinoma of the cervix: Whole pelvis 
irradiation, (D) Depth dose distribution for 
A. Note again the overloading of subcu- 
taneous tissue. (E) Depth dose distribution 
for B. (F) Depth dose distribution for C. 


scatter, a much higher percentage de- 
livered to the depth and less integral doses, 
as can be seen on the illustrations. 

If the four portals are used at 90° to each 
other, a better clinical distribution is ob- 
tained since the lateral portals can be 
limited in the anteroposterior direction to 
8 or то cm., thus reducing the dose to the 
bladder and rectum. It is the “box” tech- 
nique described by Fletcher and his group*'? 
in Houston, and also used by Watson and 
his colleagues? in Canada. It seems to be 
the most desirable arrangement with the 
betatron in spite of the irradiation of the 
femur by the lateral fields. Figure 4, Cand 
D shows the difference between Co® and 
betatron radiation on radiographs taken 
in phantoms. The depth dose distribution 
for the 22 mev. betatron has been well 
studied by the Houston and the Saskatoon 
groups. 

Five-field arrangements. Five-field tech- 
niques were studied using three anterior 
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Fic. 4. Carcinoma of the cervix: Whole pelsis irradiation with four fields. СА) Radiograph taken in phantom. 
Four 10X14 ст. fields at 45° to each other and at 75 em. source skin distance, centered, using a cobalt бо 
unit. (В) Same as 4 using a betatron unit. Very sharply limited volume of radiation. The rectum and 
bladder are included in the high dose volume of irradiation. Inclination of 35°. (C) “Box” technique with 
two pairs of parallel-opposed portals at оо? to each other and at 75 ст. source skin distance for a Co" 


unit, (D) Same for a betatron unit. 





Fic. 4. Carcinoma of the cervix: Whole pelois irradiation with four fields. (E) Depth dose distribution with 
Co? arrangement shown in 4. (F) Depth dose distribution with Co? arrangement shown in C. 
8 DJ g 
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Fic. 5. Carcinoma of the cervix: Whole pelvis irradiation with moving field technique. (A) Radiograph taken in 


phantom. Full rotation with то 12 ст. portal and 7 


5 cm. to center of rotation using Co? unit. (В) Radio- 


graph taken with bi-axial lateral 160? pendulation, centered 2 cm. off the mid-line; fields 6X 12 cm. A 
flattening of the volume of irradiation in the anteroposterior direction diminishes the bladder and rectum 
dose. Shutting off the beam while passing over the femora reduces the dose to these structures. 


6X 12cm. portals centered in mid-pelvis and 
two posterior portals 10X14 cm. It was 
used by us with 250 kv. to build up enough 
depth dose in the treatment of very ad- 
vanced Stage ту cases. With Co" and the 
betatron units that need does not exist. 
Besides, an undesirable depth dose dis- 
tribution, elongated in the anteroposterior 
direction, was found in this study, ruling 
out its use. 

Full rotation therapy. Some moving field 
techniques were studied in an effort to 
diminish the radiation dose to the femur 
produced by the static field arrangements 
previously mentioned. The use of full rota- 
tion has been proposed by Friedman ef a7? 
with 2 теу. roentgen rays. 

A 360° rotation with 10X12 cm. or 10 
X14 cm. centered at mid-pelvis is shown 
in Figure 5, Z and C. The depth dose dis- 
tribution was calculated by the simple 
computational method described by Greg- 
ory!” using the Braestrup and Jones 
methods. These calculations were checked 
by ionization measurements at certain 
points in an oval section 20X 30 cm. plexi- 
glas water phantom. There was a differ- 
ence of +3 per cent, especially in the antero- 
posterior direction, and the whole dis- 
tribution showed a flattening along this 
axis instead of the concentric circles ob- 


tained by the computational method. From 
the clinical point of view we have used it 
with the hectocurie machines more for the 
sake of simplicity in the setting up of the 
patient than for a real physical advantage 
over the static field arrangement. In fact, 
in some patients the integral dose could be 
higher since laterally quite a thick slab of 
tissue is covered by the до to 50 per cent 
curve. 

Bi-axial rotation therapy. Soon after 
Mellor? in England published a technique 
of total pelvis irradiation by two sepa- 
rate lateral pendulations with a theratron, 
we started using this arrangement since it 
gives a good distribution for the whole 
pelvis with flattening in the anteroposte- 
rior direction and thus diminishing the dose 
to the bladder and rectum. Figure 5, B and 
D illustrates the technique using 160° lat- 
eral pendulation with 6X 12 cm. field portals 
centered 2 cm. off the mid-line in the center 
of the parametrial region. À more homo- 
geneous irradiation is obtained with a 9 
X12 cm. or gX 14 cm. field. This arrange- 
ment still irradiates the femur, but in cer- 
tain units, like the theratron senior, the 
beam can be shut off while passing over 
this bone without anv serious alteration of 
the depth dose distribution. This technique 
cannot be used with the 15 теу, betatron 


496 


José Noriega L. and Armando López 


MARCH, 1962 





Vic. 5. Carcinoma of the cercix: Whole pelvis irradiation with moving field technique. (C) Depth dose distribu- 


tion for 4 calculated by the simplified computational Gregory method. (D) Depth dose distribution for 


the technique shown in B. А better distribution is obtained using fields 9 cm. wide instead of 6 em. This 
distribution cannot be reproduced with the 15 mev. betatron unit because of the lack of penumbra. 


because either an undesirable superimposi- 
tion of the beams is produced in the mid- 
pelvis or two separate volumes are ob- 
tained. This is due to the lack of penumbra 
which is responsible for the bow-tie sort of 
distribution obtained with the cobalt units. 
Within our short time practice using this 
technique, we are under the impression 
that a greater tolerance is gained. 

Any of the above whole pelvis radiation 
treatments could be supplemented by 


intracavitary radium at lower doses than 
those used with the parametrial tech- 
niques. They also can be supplemented by 
small volume concentration of an extra dose 
given by rotation therapy. This can be done, 
too, in extensive bladder carcinoma. After 
5,500 to 6,000 rads are given to the 
whole pelvis, an extra 1,000 or 1,500 r can 
be delivered to a small volume in the 
primary tumor. This is illustrated іл 
Figure 6, Z and В, which shows three- and. 





Vic. 6. Whole pelvis irradiation supplemented &y small field rotation therapy. G4) Whole pelvis three-Reld 
technique (15 to ст. anterior and two 10X10 em. posterior) at 35°. Concentration with an 8X8 cm. 
field, 220° anterior pendulation. Bladder cancer treated with Со, (B) Whole pelvis four-field arrange- 
ment with a 66 cm. field at 360° rotation in mid-pelvis with Co*. Useful for advanced carcinoma of 
the cervix. 
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Fic. 7. Small volume bladder irradiation. (A) 
Radiograph taken in phantom. Three-field 
8X8 cm. "Y" shaped arrangement using 
the Co® unit at 75 cm. source skin distance. 
The two posterior fields are at 35° in- 
clination. (В) Same as 27 with the betatron 
unit. (C) Film with an 8X8 em. field, 220° 
anterior pendulation with the Co® unit. 





Fic. 7. Small volume bladder irradiation. (D) Depth dose distribution for 4. (E) Depth dose distribution for C. 


four-field arrangements supplemented bv 
220° anterior pendulation with an 8X8 ст. 
field for bladder or a box technique with an 
8X8 cm. full rotation. This supplementary 
radiation can be more accurately limited 
and the benefit from a much higher depth 
dose can be obtained with the Siemens 
betatron. In carcinoma of the cervix, this 
supplementary radiation, either by ra- 
dium or rotational external radiation, should 
be practically the rule since complete 


sterilization of the primary lesion cannot, 
in the majority of cases, be achieved by 
whole pelvis external irradiation alone. It is 
obvious that to deliver 6,000 to 7,000 rads 
to the mid-pelvis by external irradiation is 
not the same as to give 20,000 r by radium. 


CARCINOMA OF THE BLADDER 

In our experience, carcinoma of the 
bladder treated with static fields at 250 kv. 
has produced disappointing results. Com- 
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plex cross firing techniques, requiring a 
very precise localization of the tumor to 
keep the fields as smal! as possible, made 
this tvpe of treatment difficult and time 
consuming. The use of cone rotation im- 
proved this to some extent, but a more 
suitable and more constantly successful 
form of treatment was badly needed. 

Improved results апа better local and 
general tolerance have been reported with 
supervoltage therapy of this form of cancer. 
When the spread of the disease prevents 
limited interstitial treatment, external 
supervoltage irradiation seems to offer an 
adequate and useful method of treatment. 

In moderately advanced, well differen- 
tiated tumors, a three-field technique with 
Co" or better still with the betatron unit 
gives a high depth dose with good dis- 
tribution in a limited volume as shown in 
Figure 7, 7, B апа), In patients with par- 
tial cystectomy or in whom the bladder lies 
anteriorly,'a 180° to 220° anterior pendula- 
tion is useful (Fig. 7, C and £). 

In anaplastic or in very extensive in- 
filtrating lesions, whole pelvis irradiation is 
indicated, using the larger portals with the 
three- or four-field arrangements described 
for whole pelvis irradiation supplemented 
by small field rotation therapy. A volume 
of 6X6 cm. to 8X8 cm. should receive an 
additional dose of 1,000 to 1,500 rads 
(Bloedorn*), Radiographs obtained when 
using this technique are shown in Figure 6, 
d and B. 

The difference in the size and the posi- 
tion of the bladder in each patient requires 
an accurate localization of the tumor so 
as to be able to choose the best size and 
setting of the fields in each individual case. 
The localizing roentgenographic equip- 
ment attached to the 15 mev. Siemens 
betatron helps a great deal in this respect. 
For telecobalt units a localization radio- 
graph should be taken for all portals with 
air or contrast material in the bladder. 


SUMMARY 


A comparison of several supervoltage 
radiotherapy techniques with static or ro- 
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tating fields was made for cobalt бо and 15 
mev. betatron units. For carcinoma of the 
cervix, parametrial techniques with two 
and three static fields were studied. With 
the 15 mev. betatron, an internal tangential 
rotation for parametrial irradiation is to be 
further studied. For advanced stages, whole 
pelvis irradiation by two opposing, three- 
and four-field arrangements for cobalt 6o 
and betatron units were studied and com- 
pared. Full rotation and bi.axial lateral 
pendulation for cobalt 60 were also studied. 

The possibility of supplementary small 
volume rotational irradiation after whole 
pelvis irradiation is presented. 

Three-field static and rotational tech- 
niques using the betatron and cobalt 60 
units for bladder tumors are reviewed. 
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ISODOSE CURVES AND RADIATION DISTRIBUTION 
ABOUT PATIENTS WITH INTRACAVITARY 
RADIUM SOURCES 


By HANS-GUENTER WANDEL, M.D.* 


SEATTLE, WASHINGTON 


TIMULATED by the recent survey of 

Barry and Krueger? as well as by the 
scarcity of published detailed information 
on radium protection of patients with in- 
tracavitary radium or cobalt 60 sources, we 
decided to determine the radiation distri- 
bution around 10 such patients under treat- 
ment for malignant disease at the Tumor 
Institute of the Swedish Hospital. We 
used a Beckman lometer model Mx4, 
which was calibrated against the National 
Bureau of Standards certified radium 
stocks. 

The patients were positioned with the 
pubic region in the center of the bed. They 
were instructed to put their arms by their 
sides and to keep their legs together 
throughout the survey. The height of the 
upper surface of the bed mattress from the 
floor was 86 cm. Measurements of the 
gamma-ray exposure dose rate were taken 
with the geometric center of the ionization 
chamber in the positions shown on Figure 
1. Readings were obtained go cm. from the 
floor except in the areas directly above the 
bed or above the patient. Positions уп and 
уш were in the adjacent room nearest to 
the source. Position уп was close to the 
wall and Position vit over the simulated 
position of the gonads of a patient in a bed 
against this wall. 

Seven out of the 10 patients had an in- 
travaginal or intrauterine insertion of 40 
mg. of radium; 2 patients had 60 mg. of 
radium and 1 patient had 30 mg. of radium 
in an unshielded Bloedorn type vaginal ap- 
plicator (Fig. 2-5). 

In general, the isodose curves confirmed 
the results of previous investigations with 
the exception that the dose level at the foot 
of the bed was not found to be consistently 
higher than that at the head of the bed as 


described by several authors.23:%7 The in. 
crease of exposure dose noted in the mid- 
line at the foot of the bed is believed to be 
the result of decreased shielding by the pa- 
tient’s legs. The midline dose is further in- 
creased when the patient's legs are ab- 
ducted. It is obvious that patients will not 
maintain a constant position in bed 
throughout the treatment so that the dose 
pattern will necessarily vary. Furthermore, 
in our cases the bed frame provided some 
shielding. 

Measurements in the adjacent room be- 
hind а standard — lath-and.plaster-wall 
(Positions vit and уш, Table 1) are of 
critical importance. With sources of higher 
intensity (69-100 mg. of radium), a person 
next to the wall nearest to the source 
(Position уп) would be exposed to more 
than 2 mr/hr. Our readings, 1.10 m. from 
this wall (Position уш), indicated that the 
exposure dose at this range did not exceed 
2 mr/hr. for sources as intense as 100 mg. 
of radium. If the "restricted area" in the 
adjacent room can be avoided or if filtra- 
tion is added to the portion of the wall close 
to the source, the patients, personnel, and 
visitors would be adequately protected. 

The pelvic parameters of our patients, 
expressed by anteroposterior and lateral 
measurements at the pubic level and their 
weight, did not significantly influence the 


isodose pattern (Table 1). Other factors, 
such as the actual Jocation of the source in 
the pelvis, are of more importance. 

It has been suggested by Barry and 
Krueger? that a direct correlation exists 
between pubic dosimetry and all distal 
points. With Beckman Iometer and Vic- 
toreen chambers, we were unable to confirm 
this observation. Apparently, the distance 
between the radium and the abdominal wall 


* Fellow, American Cancer Society, Tumor Institute of the Swedish Hospital, Seattle, Washington. 
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Isodose Curves and Radiation Distribution 





Fic. 1. Chart showing positions where measurements of gamma-ray exposure were taken. 


varies considerably from patient to patient. 

The recent changes in radiation protec- 
tion regulations'*? are such that every 
room with a patient containing an intra- 
cavitary radiation source as low in intensity 
as 1o mg. of radium, would be designated 
both a "restricted" and "radiation area" bv 
Atomic Energy Commission. standards. 
Personnel charged with the care of patients 
with intracavitary radium are likely to re- 
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Fic. 2. Isodose curves with 30 mg. 
intracavitary radium source. 





ceive in excess of 25 per cent of the permis- 
sible dose for radiation workers, 14 rem 
/calendar quarter, and are thus required to 
use monitoring equipment. Different source 
intensities require varving limits upon the 
time spent close to the patient. These time 
limits can be precalculated by using Figure 
т and Table т. Persons under 18 years of age 
should not be permitted to give nursing 
care to patients with intracavitary radium 


24 melhe 
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Fic. 3. Isodose curves with 40 mg. 
intracavitary radium source. 
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3.5 mr/hr 


3.7 
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Tsodose Curvas m= lcm = 20cm 


Fic. 4. Isodose curves with 60 mg. 
intracavitary radium source. 


nor allowed in the room as visitors. Other 
visitors should be instructed to stay in rela- 
tively safe areas and the time limit should 
be specified so that a maximum permissible 
dose of 10 mrem/week is not exceeded. 

It is obvious that a patient in the bed 
next to one receiving radium treatment 
would be exposed to a dose well in excess of 
the permissible dose. It appears that one 
would be justified in allowing patients in 
the next bed who are also receiving some 
form of major radiotherapy over their 
gonads. However, the additive effect of two 
radium sources in patients close to each 
other (Fig. 5) would further complicate the 
radiation protection of personnel engaged 
in the nursing care. 

For reference purposes, all readings 
Table 1 are adjusted to the locations shown 
on Figure 1 and corrected to a Io mg. 
radium source. The averages of these values 
(Table 1) provide an index for the calcula- 
tion of the radiation distribution around 
sources of variable strength. After multi- 
plication by the appropriate factor to ob- 
tain the source intensity under considera- 
tion, these averages in mr/hr. may be 
determined. 


SUMMARY 


The radiation distribution around 10 pa- 
tients with intracavitary radium sources of 
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Isodose Curves — 20cm 


Fic. 5. Isodose curves with two до mg. intracavitary 
radium sources in proximity to one another. 


different intensities was determined by 
means of a calibrated Beckman Iometer. 
The averages of the readings in standard 
positions corrected to a 10 mg. radium 
source provide an index for the calculation 
of this radiation distribution. 

Radiation protection problems are dis- 
cussed in the light of the results and the 
new standards recommended by the Atomic 
Energy Commission. 


1211 Marion Street 
Seattle 4, Washington 
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RADIOTHERAPY OF EWING'S SARCOMA 


Ву PAUL W. SCANLON, M.D., Section of Therapeutic Radiology 
Mayo Clinic and Mayo Foundation” 
ROCHESTER, MINNESOTA 


REPORT of 165 cases of Ewing's 

sarcoma seen at the Mavo Clinic from 
1905 through 1959 has been published 
recently.? The interested reader is referred 
to this review for the pertinent pathologic, 
clinical and surgical details of our experi- 
ence with this primary malignant tumor of 
bone. This group of 165 patients included 
120 in whom radiotherapy played a defini- 
tive role in the primary treatment, and it is 
with this group and its radiotherapy that 
this paper is primarily concerned. 

These 165 patients, comprising some- 
what less than 10 per cent of the total with 
primary malignant bone tumors in the 
Mayo Clinic series, ranged in age from an 
eighteen month old girl with a femoral tu- 
mor to a fifty-nine year old man with pri- 
mary involvement of а rib. However, al- 
most go per cent of them were less than 
thirty vears of age and, as usual for 
Ewing's sarcoma, males predominated in a 
ratio of 101:64. 

The pelvic girdle and the long tubular 
bones of the extremities accounted for 
about three quarters of these Ewing tu- 
mors. Although it is often stated that 
Ewing's sarcoma characteristically affects 
the diaphysis of the long tubular bones, 
the metaphysial regions of these bones were 
more commonlv the epicenter of the 
growth in this series. The relative immu- 
nity of the distal portions of the extremities 
is emphasized by the absence of Ewing's 
sarcoma in the hands in this series, al. 
though the tumors in 4 cases did occur in 
the feet. 


GROUPING OF PATIENTS BY TREATMENT 


Of the 120 patients for whom radio- 
therapy was employed at some stage in the 
treatment, 55 were treated exclusively by 


the intensive erythema-dose technique, 
which was discontinued at this institution 
around 1950. This method was emploved 
in the overwhelming majority of Ewing’s 
sarcomas treated radiotherapeutically up 
to that time. During the past decade, 
however, it has given wav to the more con- 
ventional high-dose fractional techniques, 
the majority of which have been given 
with cobalt teletherapy. Of these 55 pa- 
tients treated with the erythema-dose 
method, 16 received only a single series of 
treatment for one reason or another. This 
is considered to be inadequate therapy, 
and thus these 16 patients are placed in an 
incomplete erythema-dose category. The 
remaining 39 patients received the recom- 
mended two or more series and are placed 
in a complete erythema-dose group. 

Another 16 patients, all but 2 of whom 
were seen since 190, were treated ex- 
clusively with what by present standards 
might be called adequate fractionated 
therapy, namely a tumor dose of more 
than 3,500 r; in fact, all but one of these 16 
patients received more than 4,000 r. An 
additional 34 patients received primarily 
surgical management, namely local ex. 
cision, amputation or disarticulation, that 
was supplemented with preoperative or 
postoperative radiotherapy. The remaining 
15 of the total group of 120 patients had 
recognized distant dissemination of the 
malignant process when first seen at the 
clinic; consequently, they are placed in a 
palliative radiotherapy group. 

ERYTHEMA-DOSE RADIOTHERAPY 

The short-term, intensive therapy called 
the "erythema-dose technique" emploved 
prior to 1950 consisted of the administra- 
tion in single doses of soo to 600 r (air), 


* The Mayo Foundation is a part of the Graduate School of the University of Minnesota, 
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considered to be erythema-producing doses 
with the quality of radiation then em- 
ployed, to three or four fields circum- 
ferentially about the part involved. With 
deep-seated lesions in the trunk or when 
the anatomic characteristics of the part 
precluded a multiple-port, cross fire tech- 
nique, a simple two-field, opposing-port 
method occasionally was employed. Gen- 
erally speaking, the initial series in such 
therapy afforded a tumor dose varying 
from 800 to 1,400 r in two to eight days, 
depending on the thickness of the part and 
the number of portals employed. | 

As already indicated, this single series 
of treatments never was considered as 
a complete course, and it was considered 
essential to recommend a second such 
series one or two months after completion 
of the initial series if possible, providing 
that general dissemination of the tumor or 
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rapid decline in the patient’s general 
health did not militate against further 
radiotherapy. A third series and possibly 
additional series often were recommended 
in three to six months, depending on the 
response of the tumor. 

The importance of the repetition of this 
therapy is illustrated in the difference in 
results between patients receiving only the 
initial series of the erythema-dose treat- 
ment and those receiving two or more such 
series (Table 1). All 16 patients receiving 
only the initial series were dead in less than 
two years; of the 39 patients receiving two 
or more such series, 6 (15 per cent) lived 
for two to five years and an additional 6 
lived more than five years. 

The question that immediately arises is 
whether the better results obtained in the 
patients receiving complete erythema doses 
were produced by any intrinsic merit in 


Tase І 
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Survivors 
> Five Two-Five <Two 

Type of Treatment Years Years Years* - 

Per || Per Per 

No. Cent No. Cent No. | Cent 

Incomplete erythema-dose technique о о о о 16 |тоо 
Complete erythema-dose technique 6 15 6 15 27 70 
Total 6 ІІ 6 ІІ 43 78 

Conventional fractionated radiotherapy (> 4,000 г 
tumor dose) 

Roentgen therapy I 17 2 33 3 50 
Cobalt teletherapy о о 2 20 8 80 
Total I 6 4 25 II 69 
Surgery 4- preoperative irradiation 3 50 I 17 2 33 
Surgery J- postoperative irradiation I 7 I 7 13 86 
Total 4 Ig 2 IO 15 71 
Palliative radiotherapy for metastasis o o I 7 14 93 





* Includes recently treated patients with metastasis, 

















1 Exclusive of 13 cases in this category in which radiotherapy probably was superfluous, 
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the actual repetitiveness of the treatment 
and the higher total doses obtained thereby 
or whether the process of natural selection 
was a factor. Those patients with more ad- 
vanced disease or those destined to suc- 
cumb early to their disease might be elim- 
inated from the competition early, so to 
speak, leaving the bulk of the more favor- 
ably disposed patients as the only ones in 
which repeat therapy :s possible or ad- 
visable. This factor must enter into evalua- 
tion of the merits of the erythema-dose 
technique, but its relative importance can 
be minimized when one considers that of 
the 15 patients receiving only the initial 
series, excluding one lost to follow-up, only 
one (7 per cent) died within three months 
after the onset of therapy, whereas 2 (5 
per cent) of the 39 patients receiving two 
or more such series died within three 
months. In every case in which a second 
series of treatments was given, the repeat 
therapy was begun within two or three 
months from completion of the initial 
series. Thus, early death when conditions 
are less favorable and the subsequent proc- 
ess of selection do not appear to be prime 
factors in explaining the better results ob- 
tained in patients receiving two or more 
series of treatments with the erythema- 
dose technique. 


FRACTIONATED RADIOTHERAPY 


As already mentioned, 16 patients were 
treated entirely by radiotherapeutic means, 
excluding, of course, surgical biopsy; this 
group received, by present standards, ade- 
quate fractionated radiotherapy. All but 
one of these 16 patien:s received a tumor 
dose in excess of 4,000 r, a level that I con- 
sider optimal for orthovoltage therapy in 
Ewing’s sarcoma. Disappointingly and com- 
pletely contrary to expectations, the sal- 
vage rate obtained in this favorable "high 
dose" group was worse than that seen with 
the older and discarded erythema-dose 
technique (Table 1). Of the 16 patients re- 
ceiving high-dose therapy, 10 of whom had 
radiocobalt therapy in doses ranging from 
4,000 to 6,200 r, onlv one (6 per cent) 
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lived more than five years and 4 (25 per 
cent) lived from two to five years. 

Five patients in this group were of un- 
certain status; 2 were lost to follow-up but 
had metastatic implants when last heard 
from and are presumed dead of their dis- 
ease; the other 3 were treated recently but 
all had known metastasis when last heard 
from and presumably will shortly be dead 
of their disease. With known metastatic 
growths present in all 5, it is assumed that 
they will be ineligible for five-year survival 
statistics, because not a single one of these 
120 patients survived for five years after 
onset of therapy if dissemination of the 
sarcoma subsequently became manifest. 


PRIMARY SURGERY PLUS RADIOTHERAPY 


The best results in the series were ob- 
tained in the 34 patients in whom pri- 
marily surgical treatment was reinforced 
with preoperative or postoperative radio- 
therapy. However, this group contains 13 
patients in whom the irradiation probably 
was superfluous and could not have con- 
tributed much one way or the other to the 
success or failure of treatment. These were 
patients in whom so-called “prophylactic 
irradiation,’ long since discontinued at 
the clinic, was given to the stump of an ex- 
tremity after amputation, to regional axil- 
lary or inguinal lymph nodes, or occasion- 
ally even to the mediastinum or lung fields 
or both. 

In the remaining 2t patients їп this 
group of 34, irradiation might be said to 
have played a part in the control or lack of 
control of the local disease (Table 1). This 
treatment usually consisted of either pre- 
operative irradiation, in some cases given 
vears before operation eventually became 
necessary for uncontrolled disease, or post- 
operative radiotherapy usually given to the 
tumor bed immediately after surgical ex- 
cision of a Ewing sarcoma somewhere on 
the torso, such as the clavicle, ribs or 
scapula. 

Preoperative Radiotherapy. Preoperative 
irradiation appears to have been the more 
successful, Six of the 21 patients received 
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preoperative therapy, and 3 of these have 
survived five years or more. One of these 
survivors (Case 1) is of particular interest 
in that the case demonstrates well the oc- 
casional great radiosensitivity of Ewing's 
sarcoma. 


Case 1. An eleven year old girl with an osse- 
ous neoplasm of the lower third of the left radius 
underwent biopsy elsewhere, with a diagnosis 
of Ewing's sarcoma being established. Radia- 
tion therapy to the entire left arm was started, 
being interrupted after two days when the child 
was brought to the clinic. The radiotherapy at 
home was as follows: the first day, 200 r (air) 
was given to each of three anterior fields, one 
covering the forearm, another the arm and a 
third the axilla and supraclavicular space; on 
the next day, correspondingly opposed posterior 
fields were each given 250 r, all with 200 kv. and 
a half-value layer of о.) mm. of copper. In all 
probability, a tumor dose of 550 r was not ex- 
ceeded. 

At the clinic, local excision of the involved 
portion of the radius was done, with a bone 
graft applied to bridge the defect produced. 
Microscopic study of the excised portion of bone 
revealed extremely few, almost unrecognizable 
tumor cells remaining. This patient has re- 
mained alive and well without evidence of 
disease for fifteen years after operation. 


In addition to the 3 five-year survivors, 
another of these 6 patients lived for more 
than two years. With the small numbers in- 
volved, these results cannot be statistically 
significant, but they do represent an out- 
come appreciably better than that ob- 
tained with more conventional methods. 

Postoperative Radiotherapy. The other 15 
patients in this group of 21 received post- 
operative radiotherapy, usually after local 
excision of a Ewing sarcoma affecting some 
part of the torso. Irradiation followed local 
excision in 3 cases of neoplasms involving 
the clavicle, in 6 involving one or more ribs 
and in 5 involving the scapula; the remain- 
ing patient received irradiation after local 
excision of an involved fibula. 

The results of combined therapy in these 
patients were not so good as those with 
preoperative treatment. Only one patient 
survived for more than five years, and one 
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other survived for more than two years 
before succumbing to his disease. How- 
ever, these two groups of patients are not 
at all comparable. Of the 6 patients re- 
ceiving preoperative radiotherapy, 5 had 
neoplasms involving an extremity, in 
which the salvage rate is expectedly higher; 
this included all 4 of those surviving for 
more than two years. Of the 15 patients re- 
ceiving postoperative radiotherapy, 14 (93 
per cent) had neoplasms of the trunk (ribs, 
clavicle or scapula), in which the salvage 
rate is understandably much lower. 


PALLIATIVE RADIOTHERAPY 


A group of 15 patients with early 
spread of the disease recognized at the time 
of their first definitive treatment here sub- 
sequently were placed in the palliative 
group. Eight of these patients had obvious 
dissemination to the lungs when they were 
first referred for palliative radiotherapy to 
the primary lesion. Seven of the 15 pa- 
tients had recognizable spread to other 
portions of the skeletal system (one of 
these had additional intra-abdominal 
spread) and one patient had only intra- 
abdominal involvement. 

As might be expected, none of this group 
survived for five years. Only one patient 
was living at last report; this patient was 
alive two and one-half years after her 
initial therapy, but she had widely dis- 
seminated metastatic tumors throughout 
the lungs, skeletal system and peripheral 
lymph nodes. 

The following case demonstrates the 
value of palliative radiotherapy in the face 
of an otherwise hopeless prognosis. 

Case п. After prior biopsy elsewhere showed 
Ewing’s sarcoma of the right femur (neck and 
intertrochanteric portion), an eighteen year old 
boy was referred to the clinic for definitive 
therapy. Between September 14 and October 
14, 1953, a tumor dose of 5,250 r was adminis- 
tered to the upper half of the femoral shaft and 
head, and a tumor dose of 3,050 r was delivered 
to the lower half of the right femoral shaft. The 
technical factors employed were 250 kv., a 
treatment distance of 5o cm. and a half-value 
layer of 1.3 mm. of copper. 
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Subsequent examinations in January and 
August, 1954, and June, 1955, revealed roent- 
genologic evidence of good resolution of the 
bony neoplasm and no evidence of distant 
dissemination. In December, 1955, although the 
patient was still asympromatic, roentgeno- 
grams disclosed renewed activity of the femoral 
neoplasm. Hindquarter amputation was ad- 
vocated; after this was refused by the patient, 
additional radiation therapy was given. How- 
ever, because of extensive roentgen tanning and 
atrophy from previous treatment, only a 
limited amount of radiation was thought 
advisable; between December 27 and December 
30, 1955, an additional tumor dose of 1,000 г 
was administered, employing cobalt teletherapy 
at an 8o cm. skin-to-source distance. 

In September, 1957, there was evidence of 
further progress and reactivation of the neo- 
plasm, a pathologic fracture through the main 
component of the tumor, and extension of the 
neoplasm both proximally into the femoral 
head and distally into the femoral shaft; there- 
fore, an interinnomino-abdominal (hindquarter) 
amputation was done. 

In November, 1957, thoracic roentgenograms 
revealed a 3 cm. nodular metastatic tumor in 
the left midlung field and probably bilateral 
hilar lymph node metastasis. Between January 
6 and January 25, 1958, a midplane tumor dose 
of 2,300 r was administered to the entirety of 
both lung fields. The technical factors em- 
ployed were 250 kv., a 7o cm. treatment dis- 
tance and a half-value layer of 1.8 mm. of 
copper; opposing antericr and posterior 24 by 
26 cm. fields were treated on alternate days. 

The patient was nest examined eighteen 
months later, in July, 1959. In the interim, he 
had been entirely well, gaining in weight from a 
previous 110 pounds (с kg.) to a robust and 
healthy 220 Ibs. (тоо kg.). Thoracic roentgeno- 
grams revealed complete resolution of the 
parenchymal and hilar metastatic growths 
previously noted. When last heard from in 
June, 1960, two and one-half years after treat- 
ment of the pulmonary deposits, the patient 
was still in excellent health. Thoracic roent- 
genograms remained completely free of any 
evidence of disease. 

COMMENT 

The failure to show substantial improve- 

ment over previous five and ten vear sur- 


vival rates in Ewing's sarcoma with more 
aggressive local irradiation, while a dis- 
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appointment, is not entirely unexpected. 
Recent literature has not indicated any 
significant betterment of the conventional 
1O to 15 per cent five year survival rates 
with either more radical surgical inter- 
vention or more aggressive local radio- 
therapeutic measures. The ultimate in total 
eradicability of this osseous malignant 
tumor, namely surgical amputation or dis- 
articulation well proximal to the neoplasm, 
has not yielded more than a 15 per cent 
five year salvage, and it is not to be ex- 
pected that local radiotherapy, regardless 
of how aggressively it is given or how de- 
sirable the limb-saving potential of radio- 
therapy may be, can better this yield. 

Almost without exception, the 85 to go 
per cent failure rate of therapy in Ewing's 
sarcoma results not from failure to control 
the local disease but from systemic dis- 
semination either before or at the time of 
the first definitive therapeutic endeavors. 
While heretofore treatment has been di- 
rected almost exclusively at the primary 
neoplasm, it is becoming more and more 
apparent that Ewing’s sarcoma is in most 
cases a systemic disease and that, if any 
significant improvement in salvage rates is 
forthcoming, therapy will have to be 
directed toward the systemic component or 
metastatic element, as well as the primary 
neoplasm. 

After the initial report of Cole and asso- 
cates! regarding the presence of malignant 
cells in fluid perfused through the artery 
and collected from the vein of a cancerous 
segment of colon removed surgically, other 
authors in increasing numbers have been 
reporting the finding of circulating malig- 
nant cells in the blood stream of patients 
with malignant neoplasms. Engell? in 
1955, found tumor cells during operation in 
the peripheral blood in 10 of 79 patients 
(13 per cent) with various types of malig- 
nant tumors and in 7 of 14 patients (so 
per cent) who had inoperable malignant 
growths. Fisher and Turnbull in 1956, 
found tumor cells in the blood obtained 
from mesenteric veins in 8 of 25 specimens 
(32 per cent) of colorectal carcinoma. 
Moore and co-workers^? reported car- 
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cinoma cells in the peripheral blood in 93 
of 179 patients (52 per cent) with car- 
cinoma and in the blood draining tumor 
sites Іп бо of 109 such patients (55 per 
cent). Other observers*?!? have reported 
finding significant numbers of patients 
with malignant cells in the blood stream in 
various types of malignant neoplasms, and 
there appears to be little doubt that the 
incidence of embolization of tumor cells is 
appreciably higher than has been sus- 
pected heretofore. 

Of particular interest in relationship to 
Ewing's sarcoma was Engell’s finding that 
the venous spread of carcinoma cells during 
resection of a tumor depends primarily on 
the histologic grade of the tumor and to a 
lesser degree on the local extension of the 
primary neoplasm. In a study of 125 pa- 
tients, most of whom had intestinal car- 
cinoma, malignant cells were found in the 
blood of 76 patients; these cells were noted 
in the blood stream of 34 per cent of the pa- 
tients with Grade 2 tumors, 76 per cent of 
those with Grade 3 tumors and тоо per 
cent of those with Grade 4 tumors. These 
figures would correlate well with Ewing's 
sarcoma, always a Grade 4 neoplasm, with 
its attendant 85 to go per cent lethality. 

However, it would be a mistake to con- 
clude that the demonstration of malignant 
cells in the peripheral blood is tantamount 
to a death sentence. Of Engell's* afore- 
mentioned 125 patients, 55 were alive after 
five to nine years, and 28 of these had 
malignant cells in the blood at the time of 
operation. Moore and associates? ? stated 
that probably 99.9 per cent of all malignant 
cells released into the blood stream fail to 
survive and establish metastatic deposits. 
Other factors obviously are operative in 
determining whether these circulating ma- 
lignant cells will "take," and the implica- 
tion is that measures are urgently needed 
to reinforce the natural defense mechan- 
isms of the body or at least allow them to 
function at peak capacity. 

Efforts are now under way at this insti- 
tution to augment the effectiveness of con- 
ventional measures, such as radical surgical 
treatment and intensive local irradiation of 
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the primary neoplasm. These supple- 
mental measures include the use of radio- 
phosphorus both before and after operation 
and before the institution of radical ir- 
radiation, and the use of chemotherapeutic 
agents such as nitrogen mustard adminis- 
tered both systemically and by means of 
perfusion directly into the affected limb. 
Efforts are also under way to achieve 
better delineation of the role of preopera- 
tive radiotherapy as an integral part of the 
planned surgical approach to this disease; 
these have been under investigation some- 
what longer than have the newer adjuvant 
measures just mentioned. However, 
Ewing’s sarcoma is a relatively rare tumor, 
and a sufficient number of patients have 
not been treated with these supplemental 
measures nor has enough time elapsed at 
this writing to allow any idea of the value of 
these procedures. 
CONCLUSIONS 

More aggressive radiotherapy has failed 
to produce material improvement in the 
salvage rates in Ewing’s sarcoma. This, 
along with a similar failure of earlier and 
more radical surgical intervention to im- 
prove the salvage rates, probably is indi- 
cative of factors in the control of this dis- 
ease beyond the influence of the best ef- 
forts of the surgeon and the radiotherapist 
acting either singly or in combination. A 
heretofore unsuspected high incidence of 
embolization of malignant cells into the 
peripheral blood stream, especially in asso- 
ciation with the more undifferentiated 
malignant neoplasms, is under general in- 
dictment and investigation. It is toward 
this metastatic or systemic component of 
Ewing’s sarcoma that attention is cur- 
rently being directed, and efforts are being 
made with both chemotherapeutic and 
radioisotopic agents to augment the sal- 
vage rate obtained with local radiotherapy 
or radical operations. 
The Mayo Clinic 
Rochester, Minnesota 
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CLINICAL USE OF SHORT SOURCE-SKIN DISTANCE 
CESIUM 137 TELETHERAPY UNIT* 


By GILBERT H. FLETCHER, M.D.,f GORDON C. JOHNSON, М.р. 


WARREN K. SINCLAIR, Pu.D.,§ and ARTHUR COLE, Pu.D.| 


HOUSTON, TEXAS 


HE original teleradium units, designed 

in the early 1920's, offered skin sparing 
and rapid fall-off of depth dose. This com- 
bination of beam characteristics has ad- 
vantages for special clinical situations. The 
advent of other types of high energy ir- 
radiation and the drive to increase depth 
doses limited the development and applica- 
tion of teleradium units in the 1930-1940 
decade. However, in England and Sweden, 
elaborate teleradium units were designed 
and later remodeled to accommodate cobalt 
60 sources to provide higher dose rates 
while retaining a short source-skin dis- 
tance (SSD).5*.? 

Short SSD units with cesium 137 offer 
advantages similar to those of the earlier 
teleradium units.! There is rapid decrease 
of dose with depth and clinically useful 
skin sparing. Compared with cobalt;6o, 
the lower energy of cesium 137 gamma 
emission permits the design of a more com- 
pact unit to provide the same degree of 
protection. Less room shielding is required, 
and beam-shaping devices can be made 
conveniently smaller. The reduced head 
size enables the use of shorter SSD's and 
facilitates treatment positioning. The tissue 
absorption is only slightly greater, while the 
longer half life is economically advan- 
tageous. 

APPARATUS 

A short SSD cesium 137 unit (Fig. 17) 
described previously! was installed in 
March, 1959. Containing approximately 
800 curies of cesium 137, the source is 2.86 





Fic. 1. (4) Short SSD cesium 157 teletherapy unit. 
The collimation has been modified to permit the 
use of interchangeable cones which incorporate a 
fixed secondary diaphragm to block penumbra. A 
light localizer defines field edges. Irregular fields 
are achieved by additional secondary beam shap- 
ing blocks. An electromagnet removes the second- 
ary electrons emitted from the inside surface of 
the cone. (B) Treatment cones and secondary blocks. 
An assortment of these provides a wide range of 
flexibility. Maximum field size is 16 by 16 cm. at 
зо ст. SSD. Secondary blocks are nickel plated to 
reduce electron emission. 


* Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
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cm. in diameter and delivers 217 rhm, or 
approximately 77 rads per minute at a 
treatment distance of 22 em. The unit was 
provided with a multiple-leaf adjustable 
diaphragm and light localizer. The mini- 
mum practical SSD for clinical use was 22 
cm. with a maximum feld size, at that dis- 
tance, of то by то cm. as defined by the $5 
per cent isodose level. 

A need for larger effective field sizes and 
the desirability of sharper field edges led to 
the design of a series of interchangeable 
cones (Fig. 1B) to replace the adjustable 
diaphragm. An assortment of "open" cones 
allows maximum field size while blocking 
the penumbra. A minimum SSD of 20 cm. 
is practical with a maximum field size of 
12 by 12 cm. as defined by the 80 per cent 
isodose level. Varying the SSD from 20 to 
3o cm. provides wide flexibility and a 
maximum field size of 16 by 16 cm. at 
30 ст. SSD. The light localizer allows di- 
rect visualization of the field through the 
"open cone." Additional secondary blocks 
may be superimposed for further beam 
shaping. 


DOSIMETRIC CONSIDERATIONS 
I. OUTPUT 


The exposure dose rate, or "air dose," is 
conveniently expressed as roentgens per 
minute and is measured by a Victoreen 
chamber with a lucite cap to provide full 
build-up. The output varies with SSD in 
close approximation to the inverse square 
law. The output varies by less than 1 per 
cent with the interchangeable cones, for 
changes in field size from 6 by 6 cm. to 12 
by 12 cm. 


2. GIVEN DOSE 


Treatment times are determined for the 
dose, in a tissue-equivalent phantom, at the 
depth of maximum electron build-up. It is 
called "given dose." It is the output in air 
plus the contribution of scatter and is 
commonly expressed in rads (energy ab- 
sorbed in muscle). The conversion method 
is outlined in the National Bureau of Stand. 
ards Handbook, No. 62 (1927). The con- 
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tribution of scatter with varving field sizes 
ranges from o to 7 per cent. 


3. SHIELDING 


The half-value layer (HVL) of the pri- 
mary beam was found to range from 6 to 7 
mm. of lead, corresponding to 11 to 14 mm. 
of copper and 4 to 5 mm. of tungsten. Com- 
pared with cobalt 60, the same effective 
shielding is achieved by much less ab- 
sorber material. Collimators and beam- 
shaping devices can be made proportion- 
ately smaller, lighter, and simpler, to al- 
low more versatility and closer approxima- 
tion of the source to the patient. 


4. BONE ABSORPTION 


The ratio of absorption of energy in bone 
compared with soft tissue is 1.8 for 1.5 mm. 
Cu HVL, 1.06 for cesium 137 and 1.04 for 
cobalt 60.5 The difference between cal- 
culated and measured dose when bone is 
traversed may reach 10 to 20 per cent for 
1.5 mm. Cu HVL, whereas with cobalt 6o 
or cesium 137, it seldom exceeds 2 to 3 per 
cent. 

5. CENTRAL AXIS DEPTH DOSE 


With short SSD units, the rapid fall-off 
of dose along any ray is predominantly a 
function of the inverse square law, tissue 
absorption playing a secondary role. Cen- 
tral axis depth doses for usual field sizes 
are given in Table 1. Comparative depth 
doses for various energies and SSD’s are 
given in Table rr. 


6. DOSE DISTRIBUTION 


With short SSD the beam encompasses a 
greater area at a depth than it does on the 
surface (Fig. 2). Because of the large 
source size, the penumbra is more prom- 
inent. Flatness of the curves is more dif- 
ficult to achieve, but with interchangeable 
cones and secondarv blocks close to the 
skin the isodose curves are effectively flat 
with satisfactory sharpness of beam edges 
(Fig. 3). 

With adjacent fields, high dose areas de- 
velop at a depth because of the beam di- 
vergence and penumbra (Fig. 44). 
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CESIUM 137 


PERCENTAGE DEPTH DOSES 








(20.5 cm. Source 






(ст.) | 16 | 25 | 36 
(4X4) (5х5 6х6) 

0.13 100 100 | 100 
1.0 | 90.0 | 91.0 | 91.5 
2.0 | 79.0 | 80.5 | 81.0 
зо | 08.5 | jo0.0 | 71.5 
4.0 | 59.5 | 61.5 | 62.5 
бо | 50° | $345 +] 54.5 
6.0 | 4$.0 | 46.5 | 48.0 
© | 39.0 | 40.5 | 42.0 
80 | 34.0 | 360 | 37.5 
9.0 | 29.7 | 31.5 | 33.0 
о.о | 26.2 | 27.5. | 29.0 
10.0 | 22.7 | 24.0 | 25.6 
12.0 | 20.0 | 21.5 | 22.7 
13.0 | 17.5 | 19.0. | 20.0 
14.0 | 15.3 | 17.0 | 18.0 
15.0 | 13.5 | 14.7 | ї 
16.0 | ino | 13.2 | 14.3 
17.0 | 10.7 3.8 | 12.8 
18.0 | 9.5 10.5 | 11.4 
19.0 | 8.5 | 9.4 | 10.2 
20.0 | 7.8 | 8.4 | 9.2 

| 


Note: Central axis depth doses for standard fields, using interchangeable cones, Fiek 
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With SSD of 70 cm. or more, the isodose 
curves under irregular or oblique surfaces 
tend to parallel the skin surface. With short 
SSD, the variations in depth dose under 
the skin surface are significant and must 
be calculated (Fig. 45). 


7. ELECTRON BUILD-UP 


With high energy photons, the dose at 
the skin surface is less than maximum be- 
cause of the range of secondary electrons 
and the resulting build-up of dose at a 


Fic. 2. Lsodose distributions. With a 20 cm. SSD 
cesium 137 unit, the depth dose at 15 cm. is ap- 
proximately one half of the depth dose of a О cm. 
SSD cobalt 60 unit. The divergence of the cesium 
137 beam edges is easily seen. Sharpness of beam 
edges comparable to the cobalt бо beam is 
achieved by use of "open" cone with secondary 
blocks close to the skin surface. 
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COMPARATIVE DEPTH DOSES 




































250 Ку. E | 
3.0 mm. M E | Cobalt бо 
VOV Magnetic Filtration 
| Cu HVL 
Depth | 8Xi2cm. | 8X12cm. | 8X12 cm. m. | 8Xi2cm. | 8BXI2 em. 
cm. so ст. FSD 20cm. SSD | 35 ст. SSD | 35 em. SSD | co ст. SSD | yoem. S 
| 5 | I 35 35 | 8 | 
$ ! : i i 
А. | MÀ MMÀ——MÀ— [P À—À—MMM MÀ ÀÀ—— 
0.04 100 72 | 70 8o | 70 | 70 
3.0 85.3 73.0 | 80.0 | 81.c | 85.4 | 87.6 
5.0 67.8 56.5 | 66.7 | 69.0 | 74.0 | 73:3 
E 7 | ‹ | | 
10.0 35.5 30.0 | 40.2 44.5 | 49.7 | 53.9 
15.0 18.0 16.5 | 24.1 | 27.5 | 33.2 | 32.2 








Note: Percentage of maximum dase at o.04 mm., 3.0, 5.0, 16.0 and 15.0 cm. for different energies and source-skin dista 
allow ready comparison of the influeace of voltage and source-skin distance. 


depth. In addition to the primary beam, 
the superficial lavers also receive con- 
tamination electrons generated in the 
source, its container, and the collimating 
device. These contamination electrons are 
partially absorbed in air. 

Under optimal conditions, maximum 
electron build-up with cesium 137 occurs 
at approximately 1.3 mm. In clinical use, 
90 per cent of the maximum build-up is 
reached at 0.4 mm. beneath the surface. 
By adding an electromagnet to remove con- 
tamination electrons, the build-up dose at 
O.4 mm. can be reduced to 72 per cent of 


the maximum. Under these optimal cir- 
cumstances the build-up curve of the 
cesium 137 unit compares favorably with 
the cobalt 60 unit as commonly used in 
clinical practice (Fig. $). 
8. SKIN REACTION 

The basal layer and superficial: capil- 
laries of the skin lie at an average depth of 
0.4 mm. from the surface (Fig. 6). Capil- 
lary dilatation is considered the primary 
cause of ervthema, while vesiculation and 
moist desquamation occur as a result of 
damage to the basal layer of the epidermis. 


CESIUM 
"OPEN" СОМЕ ADJUSTABLE DIAPHRAGM 
Gxi? om 6 x6cm 6x6cm 
22 cm SSO 


20.5 cm SSD 





© 





20 





30cm SSD 








Fic. 3. [sodose distributions with SSD cesium 137. From left to right: “open cone” with fixed secondary 
blocks; adjustable diaphragm with no secondary blocks; same at longer SSD. 
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Skin reactions with cesium 137 were sub- 
Jectively graded as mild erythema, brawny 
erythema, vesiculation, and moist des- 
quamation. À type of reaction not seen 
with conventional energies (1 to 3 mm. 
Cu HVL) and rarely seen with higher 
energies has been designated "follicular," 
і.е. erythema or vesiculation limited to 
the sites of the hair follicles (Fig. 8B). It is 
postulated that the invagination of the 
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Fic. 4. 64) Functional isodose contours. With junc- 
tional fields, great care must be exercised to de- 
crease in the measure possible the zone of over- 
dose because of both penumbra and beam diver- 
sion. If the field edges are contiguous, there is a 
significant subcutaneous overdose extending for 
several centimeters depth. This overdose is less 
significant with edge separation but cold spots de- 
velop under the skin. Depending upon the depth 
of the disease to be treated, calculations must be 
made to know how much of an overdose can be 
afforded. For instance, for internal mammary 
chain lymph nodes, 1 cm. separation is adequate. 
There is no way to decrease the overdose from 
$ cm. down except by prohibitive edge separation. 
(B) Contours for oblique fields. With high energy 
beams and SSD of more than 7o cm., the isodose 
curves have a tendency to run parallel to the sur- 
face of the skin. With short SSD, the isodose 
curves are not nearly as parallel to the skin sur- 
face and individual calculations must be made 
for irregular or oblique surfaces. 
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Fic. 5. Surface dose build-up for a cobalt бо and a 
cesium 137 treatment field. Dose build-up beneath 
the surface of a cesium 137 beam (with optimal 
physical arrangement and electromagnetic elec- 
tron decontamination) and of a cobalt 60 beam as 
commonly used in clinical practice. At the level of 
the basal layer of the epidermis (approximately 
0.4 mm.) the build-up is comparable. 


skin at these points exposes the sensitive 
levels to higher dose build-up, resulting in 
more marked reaction. 

The influence of types of diaphragming 
and electromagnetic decontamination on 
skin reaction was studied in the patients 
having postradical-mastectomy irradiation 
to the internal mammary and supra- 
clavicular lymph node regions. Increased 
skin reaction was noted when secondary 
blocking was added (presumably because 
of the addition of secondary contamina- 





Fic. 6. Magnified cross-section of skin. The basal 
laver of the epidermis lies at a depth of approxi- 
mately 0.4 mm. There is a downward extension of 
the epidermis at the hair follicles. (Reproduced by 
permission from Acta radiologica) 
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tion electrons); diminished skin reaction 
was noted with the addition of electro- 
magnetic filtration. 

Given doses of 6,000 rads in 28 days to 
the supraclavicular апа internal mammary 
lymph node areas have produced erythema 
with occasional vesicu'ation in the region 
of the collar; these reactions subside within 
2 to 3 weeks, leaving minimal residual pig- 
mentation, 

Areas about the head and neck and the 
chest wall have been irradiated with given 
doses ranging from 6,0co rads in 14 days to 
8,000 rads in 31 days. Skin reactions were 
similar to those seen with comparable dos- 
age using the cobalt 60 unit. In most cases 
erythema of varying degrees was ob- 
served. 

Late skin changes and subcutaneous 
fibrosis in the patients followed for two 
years are similar to those seen with cobalt 
60 therapv. 


CLINICAL APPLICATIONS 


The indications of this modality of ra- 
diation therapy are lesions located up to a 
maximum depth of 5 cm. under the skin, 
preferably 3 cm. 

In Table rmx are summarized the ana- 
tomic distributions of the clinical material. 


POSTRADICAL-MASTECTOMY IRRADIATION 


The involvement of internal mammary 
chain lymph nodes in relation to the loca- 
tion and extent of primary breast lesions 
has been well established by extensive 
surgical series.^? Surgical removal of these 
lymph nodes benefits some patients in 
terms of five year survival, but no patient 
with lymph nodes greater than 1 cm. in 
diameter has survived five years. ®® These 
surgical data justify an attempt to sterilize 
metastatic disease in the internal mammary 
chain lymph nodes by routine use of post- 
radical-mastectomy irradiation if the mor- 
bidity is not excessive. 

The lymph nodes about the internal 
mammary vessels occupy a band of ap- 
proximately 4 cm. in width, centered over 
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ANATOMIC SITES IRRADIATED BY CESIUM 137 
(275 Patients) 
May, 1959 to May, 1961 


Breast Postradical-mastectomy irradia- 
tion of supraclavicular and inter- 


nal mammary chain lymph nodes 





Irradiation of internal mammary 
chain lymph nodes only with | 
cesium 137 unit in combination 28] 
with irradiation with cobalt бо 
unit of axilla, supraclavicular 
regions, and chest wall 


Lymph nodes (almost all neck lymph nodes).. 46 
Parotid. . 
Auditory canal 
Oral cavity ргитапез....................... 9 
Additional localized therapy for primary oral 
cavity or oropharynx lesions and metastatic 
neck lymph nodes 
Miscellaneous, 


the lateral border of the sternum at an 
average depth of 3 ст. (Fig. 7,7).^ 55 Metas- 
tases to the opposite internal mammary 
chain are uncommon.!? 

The treatment fields encompassing the 
lymph nodes of the apex of axilla, supra- 
clavicular region and internal mammary 
chain are shown in Figure 7B. 

Effective tumor dose levels for breast 
cancer are not well established. Reports of 
Lumb,'? Williams and Cunningham"? and 
Friedman and Pearlman’ suggest that tu- 
mor doses in the range of 4,000 to 4,500 
rads in 4 weeks are effective in most cases. 
Parasternal recurrences were observed by 
Smithers and Rigby-Jones? in 65 cases, 
of which onlv 4 had received postoperative 
irradiation. Tumor doses in the range of 
3,500 r had been given in the cases where 
there was no parasternal recurrence. 

With 250 kv. (3 mm. Cu HVL) skin 
tolerance limits the skin dose in 3 weeks to 
4,000 rads to the supraclavicular, and to 
4,500 rads to the internal mammary chain 
field. Taking into account bone absorption, 
the tumor dose is from 3,509 to 3,800 rads. 
Moist desquamation is frequently seen 
(Fig. 8B). Esophagitis and tracheitis, and 
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radiation pneumonitis of varying degrees 
are the rule. Lung fibrosis of moderate de- 
gree (usually asymptomatic) appears in a 
high percentage of cases. Varving degrees 
of skin atrophy, scarring, and telangiectasia 
are expected sequelae. 

The limitation of skin reaction is no 
longer present with supervoltage units, but 
because of increased depth doses, there is a 
proportionately greater reaction in the un- 
derlying structures.?? The rapid inverse 
square fall-off of the short SSD units may 
minimize the pulmonary and mediastinal 


fibrosis. Doses at the skin surface level of 


maximum build-up, and at то cm. depth, 
are given in Table 1v in reference to tumor 
dose at a depth of 3 cm. 

With the cesium unit, the lymph node 


dose is approximately 80 to go per cent of 


the dose in the supraclavicular area and 75 
per cent to the internal mammary chain 
area. PA '; 5,400 rads (300 rads given 
dose dailv) Шеге delivered in 3 weeks. Be- 
cause the skin reaction, tracheitis, and 
esophagitis were minimal, the dose was in- 
creased to 6,000 rads in 20 treatments. To 
ensure a better coverage of the internal 
mammary chain lymph nodes, the width 
of the internal mammary chain field was 
enlarged from 6 to 8 ст. 

When 2,400 rads are delivered, an occa- 
sional, barely detectable pneumonitis, en- 
tirely asymptomatic, develops 3 to 6 
months after treatment. With 6,000 rads 
given through a 6 cm. wide portal, a 
limited pneumonitis, as a rule mildly symp- 
tomatic, will occur in most cases, evolv- 
ing later in a thin parasternal streak of 
radiation fibrosis. With an 8 cm. wide 
portal, tracheitis and esophagitis were 
more severe and symptomatic pneumonitis 
developed in all cases. The 8 em. width was 
abandoned. 

The present policy for patients with a 
high probability of involvement of the in- 
ternal mammary chain lymph nodes (inner 
quadrant of subareolar lesions with posi- 
tive axillary lymph nodes, or outer quad- 
rant lesions with multiple axillary lymph 
nodes positive in the operative specimen) 
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POST MASTECTOMY FIELDS 
cesium 137 





Fic. 


(4) 
These are distributed along the 
mary vessels and centered near the lateral border 


The internal mammary lymph nodes. 
internal mam- 


of the sternum. (Reproduced by permission from 
Journal international de chirurgie’) (B) Postopera- 
tive irradiation. Field arrangement for postradical- 
mastectomy irradiation of internal mammary and 
supraclavicular lymph node areas, The internal 
mammary fields are б cm. in width and encompass 
the fifth intercostal space inferiorly. Limitation of 
field sizes at short SSD requires a multiple field 
technique. 


is to give 6,000 rads (4,500 rads TD); in 
the other (small inner or subareolar lesion 
with no involvement of axillary lymph 
nodes, or outer quadrant lesions with few 
axillary lymph nodes involved) 5,400 rads 
(4,000 rads TD) are given. 

In the patients receiving preoperative 
radiation to the breast and the surrounding 
lymphatics, or in the patients being 


518 С. H. Fletcher, G. С. Johnson, W. К. Sinclair and A. Cole 





Marcu, 1962 





Vic. 8. 64) Skin reaction following irradiation with 


reaction following irradiation by SSD cesium 137. 
internal 


mammary areas was delivered 


treated entirely with external irradiation 
on the cobalt 60 unit, if the separation of 


the tangential fields is more than 20 cm., 
the internal mammary chain is not in- 





250 kc. (3 mm. Cu HEL). Given doses of 4,000 rads to the 
supraclavicular area and 4,500 rads to the internal mammary chain area were delivered in 21 days. (B) Skin 


A given dose of 6,000 rads to the supraclavicular and 
in 28 days. The follicular reaction is 
less where adjacent fields h: ve been separated to reduce high dose 


typical. The skin reaction is 
areas beneath the skin. 

cluded in the tangential portals. It is 
irradiated by a straight-on field. The 
cesium 137 unit is preferable to the cobalt 
60 unit for the internal chain field. 


Taste IV 


INTERNAL 








ae 
Cesium 














| 250 kv.* Sie pas 
| 16X6em. | 12X6 em. 
| 50 ст. FSD | 20.5 ст. SSD | 
ph oe ost ы ым ————— ul 
0.04 cm. 124 | 100 | 
Maximum 124 137 | 
3.0 em. 100 100 | 
10.0 cm. | и 42 | 





Note: Percentage of depth doses, using different techniques for irradiation of the internal m аттагу 
structure doses in relation to tumor dose at that 
Cu HVL; the correction for elongation 





to 





5,0 em. to allow ready comparison o£ skin and deep 
*T chnique previously used was 3.0 mm. 
** "Technique now in use. 





MAMMARY FIELD PERCENTAGE DEPTH DOSES 


“Normalized to 10085 at 3 ст. Tumor Level) 





Cobalt бо 


1 





12X6 cm. 











em. SSD | socm.SSD | m. SSD 
98 | 83 81 
123 118 115 
тоо 100 





chain, has been normalized 
level. 
and bone absorption (3%) 





is included, 
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HEAD AND NECK 

Short SSD teletherapy for patients with 
head and neck squamous cell carcinomas 
has been well established by 30 years ex- 
perience with teleradium units. 

A single homolateral portal, parallel op- 
posing portals, or paired wedge portals with 
kilocurie cobalt 60 units or 2 to 6 mev. 
roentgen-ray generators produce volume 
distributions superior to those obtained 
with short SSD teletherapy units for tu- 
mors of the oropharynx, nasopharynx, and 
some of the extensive lesions of the oral 
cavity. Likewise, long SSD units have an 
edge of superiority for the irradiation of 
the tumors of the larynx and hypopharynx 
because one can neglect the obliquity and 
the irregularity of the skin surface and use, 
as in the irradiation of vocal cord tumors, 
one single homolateral portal with an ideal 
volume distribution. Also, the management 
of the neck lymphatics, in particular the 
lymphatics. of the lower neck, can be carried 
out simply by one single anterior split field. 

However, there are, in the head and neck 
area, asymmetrically located lesions such as 
those of the gingivobuccal sulci, alveolar 
ridges, buccal mucosa, middle ear, parotid 
area and some metastatic neck lymph 
nodes, where a single homolateral portal 
with a beam that has a fast fall-off of dose 
is the simplest planning next to an electron 
beam. The treatment may be carried out 
entirely with the cesium 137 unit at 20 to 
25 cm. SSD, or in combination with in- 
terstitial gamma-ray or intraoral cone 
therapy. 

There are also other clinical situations 
where one can make good use of the com- 
bination of fast fall-off of dose and skin 
sparing. For instance, at the énd of 5,000 
to 6,000 rads tumor dose delivered with a 
long SSD cobalt 60 unit to a tumor of the 
tonsil or the glossopalatine sulcus, addi- 
tional localized therapy can be delivered to 
an asymmetrically located residuum. Re- 
currences in the parotid area from naso- 
pharynx cancers were palliated effectively 
with no noticeable mucositis in the 
pharynx. 

The planning of some of the commonly 
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encountered situations is briefly outlined: 

I. Asymmetric lesions, primarily in the 
oral cavity. Seven thousand to 8,000 rads 
(given dose) with daily given doses of 300 
rads are delivered in 5 to 6 weeks. The tu- 
mor dose is from 5,000 to 6,000 rads de- 
pending upon the depth of the lesion. A bite 
or intraoral mold, containing a sheet of lead 
of theone-half value layer, can be made add- 
ing significant protection to. the opposite 
side of the oral cavity. An additional inter- 
stitial gamma-ray implant can be used to 
deliver 2,000 to 3,000 r if the lesion has not 
completely regressed at the end of the 
external beam treatment. A moist des- 
quamation may develop, but, because it is 
produced in part by the superficially ab- 
sorbed contamination electrons, it heals 
fast and does not result in chronic changes 
similar to those following a moist des- 
quamation produced by 200 to 250 kv. 


roentgen rays. 


Recurrences in the skin flap following a 
surgical resection, which are asymmetrically 
located, can be handled with the same ge- 
ometry and dosage as primary lesions. 

2. Lesions of the parotid gland and middle 
ear. A single homolateral portal is used 
with a total given dose of 6,000 to 7,000 
rads іп 4 to 5 weeks (300 rads daily given 
dose) either pre- or postoperatively, or as 
the only therapy. 

3. Additional localized therapy. After a 
tumor dose of 5,500 to 6,000 rads has been 
given in 5 to 6 weeks to lesions of the 
oropharynx or oral cavity and a residuum 
of induration is still felt asymmetrically, an 
additional 1,000 to 1,500 rads can be given 
with the cesium 137 unit over a reduced 
field covering the residuum. 

After heavy irradiation of large lymph 
node areas, if there are still some residual 
palpable lymph nodes and a neck dissec- 
tion is not contemplated, doses of 1,000 
to 1,500 rads are given in 4 to 5 days. 

4. Recurrences of the nasopharynx cancers 
in the parotid lesions are not uncommon 
and have been given 5,000 rads (given 
dose) in 3 weeks without producing signif- 
icant skin reaction and mucositis in the 
oropharynx mucous membrane. 
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5. Recurrent neck nodes after а radical 
neck dissection. Six thousand rads (12 X $00 
rads given dose) are delivered to small fields 
covering only the lymph nodes. The same 
geometric planning and dosage can be used 
for postsurgical recurrences following a 
commando procedure if the recurrence is 
located over an area which is not over a 
vital structure, for instance the stump of 
the mandible. In that instance, 7,000 rads 
may be given in 3 weeks. 

Preoperative irradiation of neck lymph 
nodes. lf there are palpable lymph nodes 
when a primary oral cavity lesion is 
treated by an interstitià? radium implant, 
or if metastatic lymph nodes appear later 
and are 3 ст. or more in diameter, a dose of 
5X800 rads (given dose) to a field covering 
only the palpable lymph nodes is given pre- 
operatively and то days later a radical neck 
dissection can be carried out. 


CONCLUSION 


Cesium 137 permits the design of a com- 
pact unit for short distance teletherapy 
with high dose rates, large fields, sharp 
beam edges, and single collimation. Such 
units have a place in the armamentarium 
of radiotherapy for the treatment of pa- 
tients with lesions located beneath the skin 
to a depth of 5 ст. 


Gilbert Н, Fletcher, M.D. 

The University of Texas M. D. Anderson Hospital 
and Tumor Institute 

Houston 25, Texas 
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Bates for the many physical and dosimetric 
measurements, and to Mr. Robert A. Kolvoord 
and his staff of the Department of Medical 
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A CESIUM HEAD AND NECK UNIT* 


By M. LEDERMAN, M.B., D.M.R.E., F.F.R. 
LONDON, ENGLAND 


"EROR EN may be de- 
fined as the application of a canalized 
beam of gamma radiation to the treatment 
of disease. Although telecurietherapy is al- 
most as old as radiotherapy, a general and 
widespread interest in this form of radia- 
tion treatment has become manifest only 


- since adequate quantities of suitable arti- 


ficial radioactive isotopes have become 
available during the past fifteen years. 

Few will, nowadays, dispute the physical 
and technical advantages of telecurie- 
therapy over conventional 200 kv. radia- 
tion. Yet it would seem that as far as the 
treatment of most accessible cancers of 
the head and neck 1s concerned, there is as 
yet little evidence to show that the results 
obtained by the use of the post-war tele- 
curietherapy units are very much better 
than those obtained with the more modest 
pre-war equipment. 

As there is a distinct dearth of telecurie- 
therapy equipment, the design of which is 
based upon previous clinical experience, it 
was felt that, as this form of treatment had 
been in constant use at the Royal Marsden 
Hospital for over thirty years, the special 
experience so gained would justify an at- 
tempt to design a unit for the treatment of 
head and neck cancer which would in- 
corporate such technical features as ex- 
perience had shown to be of importance. 


FORMER HEAD AND NECK TELECURIE- 
THERAPY UNITS 


At the Royal Marsden Hospital, the use 
of telecurietherapy has been restricted 
mainly to the treatment of cancers of the 
head and neck since the radioactive sources 
hitherto available have been relatively 
small quantities of radium (5—12 gm.) or in 
recent years small quantities of cobalt (5— 


15 с). Treatment has of necessity been re- 


stricted to neoplasms affecting the larynx, 
the laryngopharynx and oropharynx and 


the mouth. Tumors of the nasopharynx 
and paranasal sinuses were not treated be- 
cause they were either situated beyond the 
useful range of the apparatus or protection 
of the eye was impossible. . 

Since 1936 an apparatus of the radium 
beam research unit pattern! containing a 
radium source has been in continuous use; 
a second unit of this type containing a co- 
balt source was added in 1952.? After eight 
years of comparative use it became obvious 
there was l'ttle clinical difference between 
cobalt and radium, the reactions, if any- 
thing, being slightly less with cobalt. One. 
year ago the radium source was perma- 
nently replaced by cobalt. 

From a purely physical point of view, ap- 
paratus of this kind has little to recommend 
it. The output is low (16 r/min.), the 
depth dose is poor (d$ 3.5 cm.) and the 
edge of the beam is ill-defined. By modern 
standards such equipment would clearly be 
regarded as obsolete. Nevertheless some 
4,000 patients with head and neck cancer 
have been treated by equipment of this 
kind with results that are by no means 
negligible. 

That such apparatus could be put to 
satisfactory clinical use depended on the 
fact that no attempt was made to imitate 
technically treatment by conventional 200 
kv. roentgen rays. On purely physical 
grounds, this type of telecurie unit could 
not stand comparison with 200 kv. roent- 
gen equipment and, therefore, an entirely 
different technical approach had to be 
adopted so as to try to turn to profit its 
apparent physical disadvantages. This was 
done by: 

(1) Strict selection of cases. Treatment 
was limited to superficial accessible malig- 
nant epithelial tumors of the head and 
neck, where relatively small volumes of 
tissue had to be irradiated. Widely spread- 
ing radiosensitive tumors such as the sar- 
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comas of lymphoid tissue were treated bv 
roentgen-ray therapy, which was also em- 
ployed when pure palliation was necessary. 

(2) The poor percentage depth dose 
meant that crossfire techniques using 
multiple small fields were essential if a 
reasonable dose were to be built up at a 
depth, and, as homogeneous distributions 
were extremely difficult to achieve bv this 
method, inhomogeneity had to be accepted. 

(3) The poorly defined divergent edge 
of the beam, although not in a strictly 
physical sense a penumbra, acted as such 
from a practical point of view; and since it 
could not be eliminated provision had to be 
made for its useful employment. 

It was soon appreciated that percentage 
depth dose and penumbra were related to 
each other in a complementary fashion 
and that the angulation of beams of radia- 
tion to each other and the overlapping of 
adjacent beam edges never gave rise to ex- 
cessive or dangerously high zones of over- 
dosage. This fortunate etfect was not de- 
liberately sought but was an incidental con- 
sequence of the physical factors imposed bv 
the original use of small quantities of 
radium as the source of gamma radiation 
and the short source skin distances that 
were unavoidable if the output was to be at 
all reasonable for routine clinical use. 

The production and use of an inhomo- 
geneous distribution of radiation, com- 
prising very often a series of discrete local- 
ized regions of high dose ("hot spots”), 
would seem to involve risks of underdosage 
and recurrence, or overdosage and necrosis, 
but in practice homogeneity did not seem 
to be important and, were this not so, our 
form of telecurietherapy could never have 
survived. 

(4) Having once accepted the value of an 
inhomogeneous radiation distribution, the 
next obvious step was to attempt to relate 
this to the natural history of the disease 
being treated.? After a period of many years 
of studv, it became possible to detect cer- 
tain patterns of behavior among the tumors 
of the various sites treated, and with this 
knowledge it became possible to relate the 
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radiation distribution to the behavior of a 
particular tumor. 


NEW CESIUM UNIT 


Taking this into account and above all 
being conscious of the limitations of our 
particular telecurietherapy apparatus, we 
set ourselves the problem of designing a 
new one that would eliminate as тапу as 
possible of the disadvantages of the old and 
vet still retain those features which enabled 
us to adapt the technique to the disease. 
This seemed to us very necessary since 
much modern equipment has been de- 
signed by the physicist and engineer which 
leaves the radiotherapist little choice but 
to try and fit the disease to the machine. 

The main principles underlying the de- 
sign of the new unit are: (1) safety; (2) 
mobility; and (3) because most of the 
tumors in the head and neck are relatively 
superficially placed, a poor percentage 
depth dose has been deliberately selected. 
Moreover, to allow for the differences in 
the depth cf tumors below the surface of 
the head as opposed to the neck, the ap- 
paratus has been constructed so that one 
part is devoted to the treatment of cancers 
arising between the base of the skull and 
the hvoid bone (head end) and the other 
part designed so as to treat tumors arising 
between the hyoid bone and the clavicles 
(neck end). The apparatus is, therefore, of 
"Janus" type or two faced, the beam of 
radiation from each end having its own 
physical features (Fig. 1). 

THE HEAD END 

The fields are determined by means of a 
light device, the range being 12X12 
cm.—4X4 cm. The di is 7 ст. and the 
output at 30 cm. source skin distance is 
15 r/min. The 80 per cent isodose surface 
delineates the geometric edge of the beam. 
Provision has been made for beam direc- 
tion and “indirect” protection? by the 
interposition of lead blocks in the beam of 
radiation so as to shield an organ such as 
the eye or produce an irregularly shaped 
field. This end is used for neoplasms of the 
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Fic. 1. The “Janus” type telecesium head and neck unit. (1) Neck end with (4) treatment сопе, (В) beam 
director, (C) source skin distance pointer and (D) lead cylinder for ocular protection. (2) Light device used 
for head end. A similar range of attachments is available. 


nasopharynx, tonsil, fauces, base of tongue, 
paranasal sinuses, and orbit. 


THE NECK END 

Interchangeable cones are used for treat- 
ment, with field sizes of 4X4 cm., 7X 5 cm., 
8X s cm., and 6X5 cm. The di is $ cm., the 
output 33r/min.at 20 cm. 5.5.0. and the 80 
per cent isodose curve is again selected as 
identifving the geometric edge of the beam. 
This end is used for cancers of the buccal 
cavity and the laryngopharynx, larynx and 
for cervical lymph node metastases. It has 
been designed, and shaped so as to permit 
irradiation of the root of the neck without 
coming in contact with the shoulder of the 
patient lying on a couch. Direct and in- 
direct beam protection is available. 

There is no indication for using wedge 
filters with this apparatus since the depth 
dose is too low ага the skin sparing effect 
would be lost. 

An apparatus of this kind could be of 
value to radiotherapists who are called 
upon to treat a considerable number of pa- 
tients with head and neck cancer. Although 
the techniques outlined could be dangerous 
if used with a modern kilocurie cobalt 
source utilizing a long source skin distance, 
a kilocurie cobalt apparatus could be de- 


signed according to the principles men- 
tioned above. 

From our experience with both this unit 
and a larger unit containing 1,500 с 
cesium, we believe that this particular iso- 
tope could be replaced with advantage by 
cobalt since, apart from anv physical ad- 
vantages it may possess as a source of 
gamma radiation, the reactions obtained 
with cesium therapy are much more 
marked than those seen with cobalt, re- 
sembling in many respects those seen when 
using 250 Ку. radiation. 


SUMMARY 


Telecurietherapy has been in constant 
use at the Royal Marsden Hospital for 
thirty years. For the past twenty-five years 
the apparatus has remained unchanged, 
but the original radium source has been re- 
placed by a cobalt one. The quantities of 
radioactive material used have been small 
(5-12 gm. radium, 5-15 c cobalt) and the 
source skin distance short (8.3 ст.). The 
inevitable penumbra has been accepted and 
its problems solved clinically. Based on an 
experience obtained in the treatment of 
some 4,000 head and neck tumors, a new 
apparatus has been designed so as to 
remedy some of the disadvantages in- 
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herent in the older apparatus, and to ad- 
here to the principle that the machine 
should always be adapted to the disease 
being treated with no attempt made to 
adapt the disease to the machine. 

The new unit congists of two treatment 
ends, one for tumors arising in the region of 
the head and the other for those arising in 
the neck. Different treatment factors have 
been selected for each treatment end. The 
writer believes that cesium is inferior to 
radium or cobalt as a source of gamma 
radiation as judged by the clinical re- 
sponses of the irradiated tissues. 


The Royal Marsden Hospital 
London, England 


The apparatus described here was designed 
in association with Mr. J. C. Jones, М.А., Е. 
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Inst. P., Physicist, Royal Marsden Hospital, 
and Mr. E. W. Savage of Messrs. Bryant 
Symons. 

A full account of this unit is to be published in 
the near future. 
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COMMON MEDICAL PROBLEMS IN 
RADIOTHERAPY PATIENTS* 


By ARVIN 5. GLICKSMAN, M.D. 


NEW YORK, NEW YORK 


AOR the last six years a member of the 
Department of Medicine has been as- 
signed to participate in the in-hospital care 
of radiotherapy patients. This assignment 
grew out of the fact that the Department of 
Radiotherapy, as one of the three ther- 
apeutic arms of Memorial Hospital, as- 
sumes clinical responsibility for patients 
undergoing radiotherapy. The representa- 
tive of the Department of Medicine and an 
Attending radiotherapist jointly conduct 
rounds on all service cases assigned to the 
radiotherapy beds in James Ewing Hos- 
pital of Memorial Sloan-Kettering Cancer 
Center three to four times a week. The 
radiotherapy residents are assigned in rota- 
tion to care for these patients and attend 
rounds regularly. 

The following case history is presented as 
an example of the combined medical- 
radiotherapy problems which arise and are 
managed on these rounds. 


Case 1, A.K., a forty-four year old white fe- 
male, had a radical mastectomy in January, 
1954 and remained well until 1957, at which 
time chest wall recurrence was found as well as 
skeletal metastases. A bilateral oophorectomy 
was performed with a remission of the disease 
for six months at which time the nodules on 
the chest wall started to grow again. The pa- 
tient was started on prednisone with subjective 
relief of pain and objective regression of the 
tumor. Therefore, а bilateral adrenalectomy 
was performed. She was maintained on 75 mg. 
of cortisone a day for six months when rapid 
progression of her disease was noted. She was 
referred for irradiation and a course of treat- 
ment with the betatron, using 10.4 mev. elec- 
trons through an anterior 15X15 em. field, was 
started. It was planned to give approximately 
4,000 r. However, when the patient was about 
half way through her therapy, she developed in- 
creased weakness, epigastric distress, nausea, 
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vomiting and was admitted to the hospital as an 
emergency. On admission the patient appeared 
to be acutely ill, pulse was 128, blood pressure 
60/0, blood urea nitrogen 25.5, chlorides 96, 
CO, 20, sodium 126, potassium 5.87 (Table 1). 

Treatment was started with 100 mg. of 
hydrocortisone sodium succinate (solucortef) 
intravenously and о mg. of cortisone intra- 
muscularly every eight hours. Glucose in saline 
was administered intravenously. Forty-eight 
hours later there was a complete remission of 
the symptoms. Blood pressure was 102/80, 
blood urea nitrogen 20, chlorides 102, СО» 24, 
sodium 134, potassium 5 3. Radiotherapy was 
continued to the anterior chest wall according 
to the previously decided treatment plan. The 
patient was discharged on 37} mg. of cortisone 
every eight hours by mouth and completed this 
course with satisfactory improvement. 


The recognition and adequate treatment 
of the iatrogenic adrenal insufficiency in a 
patient who had had ablative hormonal 
therapy for metastatic breast carcinoma 
permitted the successful completion of her 
radiotherapy. 

In the years 1956 through 1960 there 
were 889 admissions to the beds assigned to 
the radiotherapy department in James 
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Fic. 1. Age distribution of hospitalized patients on 

the Radiation Therapy Service from 1956 to 1960. 


Ewing Hospital. There were twice as manv 
females as males. Seventy-five per cent of 
the patients were over the age of fiftv and 
on average the males were approximately 
ten years older than the females (Fig. 1). 

These cases represent а group of seriously 
ill patients who required intensive medical 
care, The vast majority was in the hospital 
primarily because they were too ill to com- 
plete the prescribed course of radiotherapy 
on an out-patient basis. This is distinctly 
different from the nature of the surgical 
services of the same institution, where most 
patients are admitted for definitive opera- 
tive procedures and represent the best 
medical candidates for surgery. The con- 
sequences of the surgical procedure itself 
constitute the major problems to be faced 
by the attending and resident staff. On the 
radiotherapy beds, on the other hand, the 
patients represent problems requiring con- 
stant medical care. 

The medical problems seen in these pa- 
tients can be divided into three major 
categories: (1) those which are associated 
with this particular age group, Z.e., geri- 
atrics problems; (2) these which are asso- 
ciated with particular types of tumors, 
which are referred to radiotherapy for de- 
finitive or palliative therapy (Table и); 
and (3) those which arise as a consequence 
of this modality of therapy. During the five 
years of this study there were 955 medical 
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TUMOR DISTRIBUTION OF PATIENTS HOSPITALIZED 
ON RADIOTHERAPY SERVICE (JAMES EWING 
HOSPITAL) 1956-1960 
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problems which are usual to a geriatric 
population. Nine hundred and thirty-five 
problems arose out of cancer or were asso- 
ciated with the cancer for which the pa- 
tients were receiving therapy and 248 arose 
аз a consequence of this modality of 
therapy (Table 111). 


GERIATRIC PROBLEMS 


Cardiovascular, pulmonary complica- 
tions made up the largest segment of the 
geriatric problems. One of the most fre- 
quently encountered difficulties was the 
problem of rehydration of a debilitated pa- 
tient with a restricted cardiovascular re- 
serve. A constricted circulating blood 
volume produces problems due to the drop 
in the glomeruli filtration rate, elevated 
blood urea nitrogen and metabolic acidosis. 
Overzealous rehydration of the patient 
could result in congestive heart failure and 
pulmonary edema. Therefore it is necessary 
to adjust the fluid intake cautiously, on a 
day to day basis. 

А second problem pertaining to the 
cardiovascular system relates to the main- 
tenance of adequate digitalization. In the 
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presence of hypokalemia, digitalis toxicity 
may become evident before adequate 
digitalization has occurred. In patients re- 
ceiving radiotherapy where total body 
potassium stores may have been depleted 
by anorexia, inadequate food intake or 
nausea and vomiting, the added burden of 
radiotherapy may enhance this depletion 
by producing more nausea, vomiting 
and/or diarrhea. At this point, digitalis 
toxicity also may contribute to the nausea, 
vomiting and diarrhea. Unless all these 
factors are carefuly sorted out and 
handled individually, the prescribed 
course of radiotherapy may have to be 
interrupted unnecessarily. 

During the last ten to fifteen years, the 
problem of infection has become increas- 
ingly difficult to manage. Not only is each 
institution harboring strains of resistant 


staphylococci, but an increasing number 


of upper respiratory and wound infections 
due to beta streptococci and diphtheria 
is appearing as well. 

In the management of these problems 
three basic points stand out: 

1. The use of “prophylactic antibiotics" 
creates more problems than it prevents. It 
should be avoided. 

2. The identification of the responsible 
microorganisms and their sensitivities 
should be undertaken as frequently and as 
soon as possible. Antibiotics would be 
chosen on the basis of this information. 
“Prefabricated” mixtures are generally less 
effective than “tailor made” combinations 
prescribed on the basis of im ойго studies. 

3. Microorganisms apparently can mu- 
tate faster than pharmaceutical chemists 
can produce new antibiotics. Therefore it is 
necessary to return to first principles of 
basic cleanliness, sterility and isolation. 
This can do much żo decrease infection 
rates in most institutions. 


CANCER PROBLEMS 


The most frequent problems associated 
with cancer per se were in the field of nutri- 
zion. Fluid and electrolyte imbalances, 
malnutrition and avitaminosis were the 
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dominant problems. In another publica- 
tion electrolyte imbalances most frequently 
seen in patients undergoing radiotherapy 
were reviewed. In that publication it was - 
shown that those electrolyte imbalances 
most frequently occurring in cancer pa- 
tients included metabolic acidosis due to 
renal shutdown, respiratory alkalosis and 
metabolic acidosis secondary to hepatic 
coma, metabolic acidosis secondary to 
adrenal insufficiency and metabolic acido- 
sis secondary to diabetes. 

One hundred and fifty-four patients had 
either overt diabetes or an aberration of 
carbohydrate metabolism consistent with 
the diagnosis of diabetes. These findings 
are in keeping with the previously described 
association of diabetes and cancer.? 

The case discussed at the beginning of 
this paper is one that would be typical of 
the adrenal insufficiency adrenal crisis 
syndrome which has been seen in patients 
receiving radiotherapy. During this five 
year period adrenal crisis was seen in eight 
patients who had been on adequate main- 
tenance of adrenal steroid following ad- 
renalectomy and/or hypophysectomy for 
metastatic carcinoma of the breast. The 
institution of a course of radiotherapy 
necessitated an increase in their main- 
tenance steroid. When this was overlooked, 
the patients became seriously ill, resulting 
in interruption of their prescribed radio- 
therapy. In each instance increasing the 
maintenance steroid allowed for the orderly 
progress of the previously decided treat- 
ment plan. 


RADIOTHERAPY PROBLEMS 


It is impressive to us that medical prob- 
lems solely attributable to the radiotherapy 
have developed infrequently. Less than 15 
per cent of the patients developed anorexia, 
nausea and vomiting as a consequence of 
the radiotherapy. It appears to us that 
perphenazine (Trilafon) is conspicuously 
more effective than the other anti-emetic 
agents currently available. However, an 
orderly double-blind evaluation of all drugs 
in this area is yet to be done. 
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The medical problems associated with 
the radiotherapy per se frequently revolved 
about the nutritional status of the patient. 
Hypochloremic alkalosis from vomiting, 
potassium depletion alkalosis from inani- 
tion and hypochloremic acidosis from 
diarrhea were the three most frequently 
seen in electrolyte imbalances. 

Because of our interest in the possi- 
bilities of modification of late radiation 
changes, many patients with old radiation 
injuries were referred to our group at 
Memorial Center. Some of these have been 
admitted to the hospital for medication 
and evaluation prior to the initiation of an 
investigative studv. Forty-four patients 
have been admitted in the five vear interval 
reported here. In this clinical study two- 
thirds of the patients with ulcers and fibro- 
sis of two to thirty vears’ duration have 
shown good to excellent improvement on 
the thyroid analogues L-triiodothyronine 
and triiodothyropropionic acid.’ 

Patients undergoing radiotherapy to 
large segments of the trunk have a de- 
creased ability to tolerate infections. As 
pointed out earlier, the increasing number 
of uncontrollable infections has taken on 
serious proportions. These infections relate 
not only to the resistant staphvlococci but 
gram negative bacilli of colonic or persistent 
chronic renal infections resistant to most 
therapeutic regimens. It is not surprising 
therefore that in all three categories of 
problems, over 200 patients seen during this 
five vear period had serious infections. Four 
cases of subacute bacterial endocarditis due 
to gram negative rods were seen. Twenty- 
two patients were admitted because of 
serious uncontrollable infection, r4 of whom 
succumbed to this complication. 

Forty-six patients developed hemato. 
logic problems secondarv to their irradia- 
tion. Since many patients received a 
chemotherapeutic agent prior to or follow- 
ing irradiation, it has been difficult to define 
the role each is contributing to the hemato- 
logic depression. However, in these 46 cases 
none received a chemotherapeutic agent 
known to have a marrow suppressive action 
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but appeared to be related to the radio- 
therapy which they were receiving. 

During the five years of this study it has 
become apparent that medical problems 
with a multitude of symptoms and signs are 
frequently attributed to the radiotherapy 
without further investigation. After an or- 
derly history, physical examination and 
pertinent laboratory studies, many condi- 
tions such as intestinal obstruction, per- 
forated ulcer, adrenal insufficiency, drug 
toxicity, extension of metastatic disease, 
intracranial metastases, and hy percalcemia, 
have been found to be the underlying cause 
of the patient’s illness. Thus, when the 
physician takes the time to listen to the 
patient’s complaints and analyzes them in 
the light of the whole disease pattern, it be- 
comes apparent that medical problems di- 
rectly related to the radiotherapy con- 
stitute approximately 10 per cent of all the 
medical problems the patients present. The 
following case history illustrates the dan- 
gers inherent in attributing to the radio- 
therapy all the untoward symptoms the 
patients manifest. 


Case и. Patient C.G., a fifty-one year old fe- 
male, was teated by intravaginal radium for 
carcinoma of the endometrium at another in- 
stitution in 1957. In 1958 she was admitted to 
Memorial Center because of profuse vaginal 
bleeding and severe dyspnea. At the time of 
her admission to the hospital, the patient 
weighed over 325 pounds. Physical findings in- 
cluded marked edema of the lower extremities 
and the back, and a left pleural effusion. The 
heart was diffusely enlarged and murmurs con- 
sistent with mitral stenosis, mitral insufficiency, 
aortic stenosis, and tricuspid insufficiency were 
present. The rhythm was that of auricular 
fibrillation. The liver was palpable five fingers 
below the costal margin. The spleen was not 
palpable (Fig. 2), 

An endometrial aspiration was positive for 
malignant cells consistent with the diagnosis of 
endometrial carcinoma. It was evident that the 
adequate management of her endometrial 
carcinoma would have to wait until the pa- 
tient had had her congestive heart failure cor- 
rected. Therefore, the patient was digitalized 
and maintained on .2 mg. of digitoxin daily. A 
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diuretic regimen of Luckey was instituted con- 
sisting of ammonium chloride, Diamox and 
mercuhydrin in appropriate sequence with very 
gratifying response. The patient lost 150 pounds 
in a period of twelve weeks (Fig. 3). At this time 
it was decided to institute radiotherapy to the 
pelvis utilizing a cobalt 60 source. When a dose 
of approximately 1,000 rads had been achieved, 
the patient developed rather severe nausea and 
vomiting. À diagnosis of radiation sickness was 
tentatively made. However, electrocardio- 
graphic findings at this time indicated a com- 
plete atrioventricular dissociation and marked 
depression of the ST segment. The patient on 
closer questioning also complained of some ring- 
ing in her ears. The digitalis was discontinued 
and potassium was administered by mouth and 
intravenously because the patient's serum 
potassium level had inadvertently fallen to 3.5 
mEq. per liter during the rigorous diuretic 
regimen. With adequate replacement of her 
potassium stores and a revised digitalis main- 
tenance, the patient's nausea and vomiting dis- 
appeared and the radiotherapy was continued. 

The diuretic regimen at this time was 
changed from Diamox to include chlorothiazide. 
A week later when a dose of 1,480 rads had been 
delivered, the patient developed petechiae and 
hematuria. The platelet count was 25,000. Prior 
to the initiation of radiotherapy the platelet 
count had been 175,000. Again a tentative 
diagnosis of radiation induced thrombocyto- 
penia was entertained. Examination of the pa- 
tient's clotting mechanisms was undertaken and 
it was found that they were all essentially nor- 
mal. However, in studving the platelet function, 








Fre. 2. Case п. Obese woman with 
cardiac decompensation. 
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Fic. 3. Case п. Twelve weeks after medical 
treatment. The patient lost 150 pounds. 


it was found that the patient had an auto- 
agglutination of her platelets probably due to 
one of the medications she was receiving. It was 
found on later study that diuril was the culprit 
and not radiotherapy. Upon removal of the 
chlorothiazide from the diuretic regimen and 
the addition of 6 methyl-delta-1-hydrocortisone 
(Medrol) the patient's platelet count rose 
steadily to over 100,000 In two weeks. 

Upon completion of the radiotherapy, the 
patient was discharged from the hospital im- 
proved and during the last eighteen months has 
been seen intermittently, primarily for her 
cardiac problem. Repeated endometrial aspira- 
tion has been negative for malignant cells. 





In the same patient on two occasions, 
medical complications have been attributed 
to the radiotherapy, but on investigation 
were found to be due to drug toxicity. Upon 
the recognition of this fact, the orderly 
progress of her radiotherapy continued. It is 
our opinion that radiation sickness is à 
diagnosis of exclusion. Its inclusion in an 
orderly differential diagnosis may be per- 
tinent but it should be listed last, not first, 
as is all too frequently the case. 
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CONCLUSIONS 


The in-patient population of the Radio- 
therapy Department of James Ewing Hos- 
pital of the Memorial Sloan-Kettering Can- 
cer Center represents the most seriously ill 
patients who are weceiving radiotherapy. 
Only то per cent of the medical problems 
are an outgrowth of the radiotherapy. 
Ninety per cent are related either to the 
cancer or the concomitant geriatric medical 
problems seen in this age group. 

In most American institutions the train- 
ing program in radiotherapy has not 
stressed the day to day management of 
patients with cancer. However, those who 
are performing the fundamental therapeu- 
tic act should be capable of assuming total 
responsibility for the care of these patients. 
An outgrowth of the association of a mem- 
ber of the Department of Medicine with the 
Department of Radiotherapy has been an 
awareness of the need for well trained ra- 
diotherapists who are sufficiently clinically 
oriented to be capable of and willing to 
assume full responsibility for the manage- 
ment of their patients. Even more im- 
portant, they must be able to recognize 
when assistance is necessary and be able to 
initiate consultations with their colleagues 
in other disciplines. 

Equally, it has become apparent that it is 
necessary to have well trained internists 
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who are sufficiently oriented in the clinical 
and biologic response to ionizing radiation 
so that they may assist the radiotherapist 
in the management of such patients. The 
internist must be prepared to seek out that 
which is radiation induced and that which 
occurs in a population of cancer patients of 
this age group who are referred for radio- 
therapy. In this manner the maximum 
number of patients will have an opportu- 
nity to receive a therapeutic course of 
ionizing radiation. 

Memorial Sloan-Kettering Cancer Center 

New York 21, New York 
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HEMIPELVECTOMY IN THE TREATMENT OF 
ADVANCED CANCER* 


By THEODORE R. MILLER, M.D. 


NEW YORK, NEW YORK 


N SPITE of the recent trend to discredit 

the efforts to cure cancer by more exten- 
sive surgical and radiologic procedures and 
the number of studies which attempt to 
show that the early treatment of cancer is 
not attended by any great improvement in 
cure rates, it should be obvious that un- 
eradicated cancer inevitably leads to death. 
Even inadequate treatment, whether sur- 
gical or radiologic, can be shown to cure 
the cases in which the cancer is limited to a 
single focus. The patients with more ad- 
vanced tumors, however, can be cured only 


‚ by a more radical approach. 


The cases with occult distant metastases 
are never cured by either the classic ap- 
proaches or extended surgical or radiologic 
attack. Inadequate treatment, whether sur- 
gical or radiologic, will result in some cures; 
e.g., simple mastectomy and irradiation of 
the regional lymph nodes will cure any pa- 
tient whose tumor is limited to the breast, 
and an occasional patient, in whom the car- 
cinoma may be radiosensitive, will have the 
lymph node involvement controlled. Simi- 
larly, a poor radical mastectomy will ac- 
complish the same result, since the breast is 
removed as well as a few of the easily ac- 
cessible lymph nodes. 

The classic surgical procedures for the 
treatment of cancer are by no means as 
standardized as one might believe. In a 
practice limited to the treatment of cancer, 
one often sees patients who have been re- 
ported to have had radical mastectomies or 
axillary dissections but which obviously 
have not been properly performed. The 
same is true of gastric resections or dissec- 
tions of lymph node-bearing areas. 

In spite of recent urgings to simplify the 
treatment of cancer by comparing the re- 
sults obtained by radiotherapy with those 


obtained by inadequate surgery, efforts 
continue to be made toward extending radi- 
cal operations in the treatment of this dis- 
ease. These extended operations differ 
from the classic cancer operations in that 
they attempt to better circumscribe the 
disease process by removing contiguous 
viscera or adjacent anatomic structures 
which might be involved. The addition of 
the internal mammary lymph node dissec- 
tion to the classic radical mastectomy, or 
of a supraclavicular lymph node dissection 
or the anterior mediastinal lymph node dis- 
section are such operations. The so-called 
“commando operation” for the treatment 
of intraoral cancer, the pelvic exenteration 
for cancer of the cervix or rectum, the upper 
abdominal evisceration for cancer of the 
stomach or pancreas, and the radical ampu- 
tations for the removal of soft part sar- 
comas or tumors which have extended be- 
yond the normal lymph node-bearing areas 
are all efforts to increase the cure rates by 
eradication of more advanced tumors. 
The colloquium on the causes of failure 
in the treatment of cancer of the oral cav- 
ity, presented at the meeting of the Amer- 
ican Radium Society in April, 1959, indi- 
cated that small cancers of the oral cavity 
could be treated and cured by almost any 
method, whether it be radiologic or surgi- 
cal. The cause of failure lay in the inability 
to control the metastatic disease in the 
neck. In general, this applies to cancer in 
most of its forms, whether it be of the head 
and neck, breast, abdominal cavity, or ex- 
tremities. The meticulous care with which 
the surgical operation is carried out deter- 
mines whether or not the end result will be 
successful if the disease is still limited to the 
lymph node-bearing area. Improvement in 
survival rates will certainly not be accom- 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 
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plished by returning to simpler and less ex- 
tensive operations, once cancer has ceased 
to be a local process. The properly per- 
formed classic operations require skillful 
execution and mature judgment in the 
selection of patiengs. The extended radical 
operation requires even more care and 
judgment. While none of these procedures 
can be expected to increase greatly the per- 
centage of survivals, to the individuals who 
are salvaged, the increase is 100 per cent. 

Even the advocates of simpler methods 
will admit that the reason for 
these less radical procedures is the inability 
to destroy completely the cancer in the 
local field. Since the patient with occult or 
a metastases at the time of first 

eatment is seldom cured, it is only by 
е eradication of cancer in the local 
field that cure rates can be improved. 
While, in mammary cancer, occult. me- 
tastases are frequently present at the time 
of primary treatment, a persistence of local 
disease after inadequate therapy does not 
diminish the chance of the development of 
distant metastases. Head and neck cancer 
has a great tendency to remain localized to 
the tissues above the clavicles. In patients 
dying of cancer of the cervix, so per cent 
have their disease limited to the pelvis; ex- 
tended efforts might salvage some of these 
cases. 

The extended surgical procedures all re- 
quire considerable psychic adjustment, 
both on the part of the patient and the pa- 
tient’s family. The mutilations resulting 
from the commando operation, the prob- 
lems of the diverted urinary and fecal 
streams in the pelvic exenteration, and the 
added mutilation of the internal mammary 
lymph node dissection have all been ac- 
cepted by both patients and physicians. 
Hemipelvectomy as a method of increasing 
the cure rate or for palliation of cancer in 
the pelvis or lower extremity also requires 
considerable adjustment and effort on the 
part of the patient for rehabilitation. No 
person willingly accepts mutilation or de- 


formity, but there are few people who will 
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Tage I 
HEMIPELVECTOMY PATIENTS 


Histologic Type No. of Cases 
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Fibrosarcoma 
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Liposarcoma 
Dermatofibrosarcoma 
Osteogenic Sarcoma 
Chondrosarcoma 
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not accept these as the price they must 
pay for possible continuation of life. 

In a personal experience with 37 pa- 
tients (Table 1) treated with hemipelvec- 
tomy, there has been no operative death. 
Most of these patients succeeded in wearing 
a prosthesis and have returned to their 
previous activities. Figures т to 6 show the 
results obtained in some of the cases. Thir- 
teen of the cases were operated for malig- 
nant melanoma. Unfortunately, all of these 
were advanced cases with satellitosis and/ 
or large fungating tumors. Three suc- 
cumbed to distant metastases in less than 
one vear; 3 lived one to two vears and died 
of distant metastases; 3 lived two to three 
years and died of metastatic disease; 1 sur- 
vived over five vears, then died of pulmo- 
nary metastases; and 3 are living at the 
present time. Ot these three, one has cerebral 
metastases, another has a solitary pulmo- 
nary metastasis and has refused surgical re- 
moval, and one is living without evidence 
of disease at twelve months. Obviously, 
hemipelvectomy has added little to the cure 
rate of advanced melanoma, but the re- 
moval of a foul, edematous, painful, ul. 
cerating extremity must be considered 
worthwhile palliation. 

Of 5 patients with myogenic sarcoma in 
this series, 2 are living and well after eleven 
years and eight years, respectively; another 
lived four years and six months, returned to 
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Fic. 2. Patient shown п Figure 1 after hemipelvec- 
tomy, wearing an artificial limb. He returned to 
his job as sheriff in a small southern community. 


Sa 





Fic. 1. This patient had Ollier’s disease and a large 
chondrosarcoma which developed in a benign 
chondroma of the left ilium. The tumor was so 
large that 1t obstructed the urethra and required 
suprapubic cystotomy. The patient was bedridden. 
Many other chondromas, as well as psoriasis, were 
also noted. 





Fic. 3. Side view of a patient who had had a hemi- 
pelvectomy for uncontrolled vulvar cancer with 
metastases in the groin, 
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Fic. 4. Patient shown in Figure 3 wearing an artifi- 
cial limb. She is living and free of disease six years 
after the hemipelvectomy, and has been manag- 
ing her household and taking care of her family. 


his job and supported his family during the 
greater part of that time before 


pulmonary metastases. None of the 3 
neurogenic sarcoma cases survived over 


eighteen months. Three of the patients 
with fibrosarcoma are living and well 
eight, four, and three years, respectively. 
Of the liposarcoma patients one is living 
and well three years. The only case of der 
matofibrosarcoma succumbed to local re- 
currence and distant metastases after 
multiple amputations which led to hemi- 
pelvectomy. The only case of osteogenic 
sarcoma died at fourteen months of pul- 
monary metastasis. The single patient with 
chondrosarcoma in this group presented 
with an advanced sarcoma and Ollier’s dis- 
ease. He was able to return to his job as 
sheriff and lived six years and eight 
months. Both cases of synovial sarcoma 
succumbed promptly to distant metastasis. 


Theodore R. Miller 


dying of 
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Of the 5 squamous cell carcinoma cases, 2 
were in patients with chronic osteomyelitis 
of many dud duration. Both patients 
were dead in six months and one vear, 
respectively. pes patient with an ad- 
vanced squamous cell carcinoma of the 
vulva with involvement of the inguinal 
lymph nodes and iliac vessels is living and 

well six years, with no evidence of disease. 
One patient with epidermoid carcinoma of 
the skin and wide dissemination through- 
out the extremity, after the simultaneous 
ligation and stripping of varicose veins and 
excision of the squamous cell cancer, has 
lived eight and one-half vears. The last pa- 
tient who had an zz situ carcinoma of the 
cervix treated bv radiation developed a 
solitary metastasis in the left Шит with 
fracture. Hemipelvectomy was done to rid 
the patient of a painful extremity. She 
lived nine months before death resulted 
from renal sepsis. 





Fic. 5. Side view of a patient after hemipelvectomy 
for extensive recurrent rhabdomyosarcoma of 
right upper thigh. 
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Vie. 6. Patient shown in Figure 5 wearing an artifi- 
cial limb. This patient is alive eleven years since 
the removal of the tumor by hemipelvectomy and 
continues to earn his living as an electrical engi- 
neer. 


CONCLUSIONS 

1. Hemipelvectomy is a safe procedure. 
In 103 patients on whom it was performed 
at the Mixed Tumor Service of Memorial 
Hospital, no operative deaths occurred. 
This series includes 37 personal cases. 

2. While indications for hemipelvectomy 
have been considered few, it is our opinion 
that the operation should be more widely 
practiced in such diseases as high-lving soft 
part sarcomas of the lower extremity and in 


Hemipelvectomy 


ma 
e» 
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cases of carcinoma involving the pelvic 
organs and genitalia. It might vield a satis- 
factory salvage in malignant melanoma if 
performed early in the course of the dis- 
ease. 

3. While extended radical operations will 
not greatly alter the oVér-all cure rates of 
cancer, personal experience with 37 cases 
yielded a five year survival rate of 18.9 per 
cent, or a ive year cure rate of 20.8 per cent 
if the 13 cases of advanced melanoma are 
not included in the series. 

4. The fact that palliation, comfort, and 
sometimes cure in advanced cancer can be 
obtained justifies this radical but safe surgi- 
cal procedure. 


139 East 36th Street 
New York 16, New York 
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EFFECTS OF THE COMBINED ACTION OF 
ROENTGEN RAYS AND A CHEMICAL 
CARCINOGEN (DAB) ON THE 
RAT’S LIVER* 


“By ANTOINE LACASSAGNE and LUCIENNE HURST 


PARIS, FRANCE 


А! THE present time, there is an abun- 
dant literature concerning the effects 
of ionizing radiation and of certain azo dye 
carcinogens on the hepatic cells. However, 
there have been few studies on the com- 
bined action of these two agents. Куеп 
where the combination of the two has been 
studied, the results are confusing and diffi- 
cult to interpret because whole body irradi- 
ation was used. Actuallv, one of the investi- 
gators? concludes that irradiation retards 
the formations of hepatoma, while two 
others? feel that it increases the inci- 
dence. 

We report here the first results of our 
work in which only a part of the rat’s liver 
was irradiated, following which the ani- 
mals received a steadv diet of p-dimethyl- 
aminoazobenzene (DAB), better known as 
butter vellow, mixed with their feed. 


MATERIAL AND METHOD 


Adult, mostly male, Wistar rats raised 
on a complete laboratory formula and 
weighing about 420 g. were used. For this 
particular series of experiments, $9 rats 
were employed. In a group of 24, using a 
single large dose of roentgen rays, about 
one half of the liver was irradiated, the un- 
irradiated portion serving as a control. The 
remaining 35 animals, following irradiation 
and a one month waiting period, were 
started on a dietary regimen deficient in 
protein. and riboflavin* and containing 
0.6 g./kg. of DAB. This is reported in de- 
tail in previous publications.'^^ 


* The ingredients were pure starch of r 
g.; pure corn oil2 g.i salt mixture 
vitamin Bo 0.02 vitamin B; o.o2s 
о.06 g; choline chloride 0.3 g.; pota 





OO g.; casein 1,200 
; vitamin B, c.ol g; 
.; calcium. pantothenate 
ium iodide 0.021 g. 












Three different fields of irradiation were 
employed (Table 1): 

1. In a group of 36 rats, a ventral, tri- 
angular field was drawn on the anesthetized 
(rectanol) animals held supine on a small 
board. One leg of the triangle followed the 
oblique edge of the right costal margin; the 
external leg followed the right lateral edge 
of the body; the anterior leg was perpendic- 
ular to a line joining the median line at a 





Fic. 1. Sketch showing triangular field used 
for a group of 36 rats. 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 191. 
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TABLE T 








Radiation Only 


Radiation and DAB 





Right Part of. Liver 























Doses | No. Survival in d No. Survival after Survival after 
inr | Rats ууа dn GRYS rats Radiation ** DAB 
500 5 1-75-140-164-217 5 87-163-183-230-235 бо-146-166-172-177 
1,500 | 5 | 111-186-215-255-277 | 14 | 53-58-59-62-63-73-87-94- 18-24-27-33-37-38-55-63- 
127-143-147-178-180- 92-113-114-143-165-220 
250 i 
3,000 4 26-41-42-47 3 150-160-233 99-117-182 
Entire Liver 
3,000 | 2 19-116 | 3 | 45-63-147 19-37-121 
Exteriorized Lobes of Left Part of Liver 
3,000 | 8 (4<1)-2-29-36-46 | 10 36-57-60-69-77-80 1-21-23-24-40-43 














and about one half of the bifid, middle lobe 
were irradiated. The remaining liver and 
body parts were protected by sheets of 
lead. 

2. In § rats only, the entire liver was 
irradiated. 

3. In 18 animals, we employed a tech- 
nique derived from that of Weinbren et a/."! 
This consisted of directly irradiating the 
two large anterior lobes of the liver (the 
left and the bifid) exteriorized at laparot- 
omy, the remaining lobes and other parts 
of the animal being protected (Fig. 2). 

In all cases, the radiation factors were 
identical: 250 kv.; 12 ma.; filtration 0.3 
mm. Cu+2 mm. Al; target-skin-distance 
29 cm.; and an output of 200 r/min. The 






ГЕ ЖЕ ҮН ota O ЖИЕ ИЛЕТ 


P 





90-102-111-146 46-64-67-101 


doses administered to the skin were 500 r 
in 10 animals, 1,500 r in 24 animals and 
3,000 r in 7 animals. Of the animals with 
exteriorized livers, 17 received 3,000 r and 
a single animal received 4,200 r. 


RESULTS 


We will report successively: (1) the re- 
sults relative to the action of the increasing 
doses of roentgen rays; and (2) the re- 
sults of the action of combined ionizing 
radiation and chemical carcinogen (DAB) 
on the hepatic parenchyma. 


A. EFFECT OF IONIZING RADIATION ON THE LIVER 


Before considering our findings in which 
a part of the liver was exposed to 500, 1,500 





Fro. 2. Sketch showing the technique derived from that of Weinbren ef a/." in which two large anterior 
. lobes of the exteriorized liver are irradiated, 
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and 3,000 r respectively, we will review the 


more or less comparable experiences of 


others; however, it is impossible to enum- 
erate the articles which describe hepatic 
morphologic and functional modifications 
following whole body irradiation. We can 
generalize the fihdings to the situations: 
(a) where sublethal doses were adminis- 
tered with resulting prolonged survival. 
The quantity of radiation received by the 
hepatic cells was small and the reversible 
changes that were seen were principally the 
increase of glycogen, followed by overload- 
ing with lipid. It is well known, however, 
that these same changes occur even when 


the liver is protected during the course of 


irradiation of the rest of the body; and (b) 
where high doses were used so that death 
ensued so rapidly that cell changes did not 
have time to appear. 

From the few published works on the 
irradiation of only the liver of the rat, we 
can draw the following conclusions: the 
early manifestations (of cell edema fol- 
lowed by atrophy, and fatty infiltration) 
are transient. Similarly, with 2,500 r, the 
hepatic tissue appe: urs to be restored after 
thirteen days.* A dose of 1,000 r produces 
changes in mitochondrial structure and 
diminishes the activitv of certain enzyme 
systems, particularly those concerned with 
oxydative phosphorylation; however, a 
dose of 20,000 r does not prevent repair 
from occurring.? 


During the past few vears, the effects of 


roentgen ravs on the regeneration of the 
rat's liver after partial hepatectomy have 

been extensively studied. Notably, one can 
show that irradiation just before or several 
hours after surgery produces a delay in the 
synthesis of DNA as well as in the appear- 
ance of mitosis.! Recently, it was noted 
again that even a vear following the irradi- 
ation of both exteriorized liver lobes with a 
dose of 5,000 г, the apparent morphologic 
changes were very slight; however, a par- 
tial hepatectomy produced in the irradi- 
ated lobes a large number of abnormal 
mitoses.! Again this demonstrated that the 
classic phenomenon of latent radiolesions 
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persists indefinitely in this radioresistant 
organ. 

Our own experiments in which a part of 
the liver was irradiated demonstrated the 
following findings. 

(1) Dose of 500 Р. These first experiments 
confirmed the radioresistance of the hepatic 
cells. After a survival of 1,75, 140, 164 and 
217 days, the macroscopic examination at 
autopsy demonstrated no gross difference 
between the irradiated and the nonirradi- 
ated zones, both areas having a normal ap- 
pearance. Samples were prepared and 
stained with hematoxylin and eosin. Histo- 
logically, except for an impression of a 
slight increase in the number of binucleate 
cells in the irradiated part (precise cell 
counts were not done), there was no dif- 
ference noted between the two areas. 

(2) Dose of r,500 r. The animals were 
followed for тїї, 186, 215, 255 and 277 
davs. Four of des rats manifested no gen- 
eral damage, or deterioration. Their weight 
at the time of sacrifice was superior to that 
at irradiation. However, 2 animals demon- 
strated a distinct atrophy of the bifid and 
right lobes. This was compensated for by 
an appreciable hypertrophy of the left 
lobe. In all cases, the normal ratio of the 
total body weight to the total liver weight 
was re-established. Again, histologic exam- 
ination of the hepatic cells demonstrated 
nothing that would identify the irradiated 
portion, except (as noted above) the im- 
pression of an increase in the number of bi- 
nucleate cells and of large nuclei. Again, 
these were not documented by precise cell 
counts. In 2 cases, we noted a swelling of 
the perivascular connective tissue of the 
portal spaces. 

(3) Dose of 3,000 r. This dose was not 
well tolerated. There were 4 rats that suc- 
cumbed 26, 41, 42 and 47 days after irradi- 
ation. However, the experiment was suffi- 
cient to demonstrate that after one month 
atrophy and compensatory hypertrophy 
were present. At this dose, the perivascular 
connective tissue swelling was more charac- 
teristic; vet, the hepatic cells showed no 
morphologic alteration. 


р 
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(4) Dose of 3,000 r to Exteriorized Lobes. 
One can attribute some inconsistencies in 
the results to an inability to precisely local- 
ize the field of irradiation to include only a 
particular part of the liver. This applies to 
cases which were irradiated, as well as 
those in which the combination of irradia- 
tion and azo dye was employed. In order 
to correct this we used, as mentioned 
above, the technique recently described by 
Weinbren and his collaborators" of directly 
irradiating the particular lobes exteriorized 
at laparotomy. We delivered 3,000 r to 
either the left lobe, or, more often, to both 
the left and the bifid lobes. (At the present 
time we have a series of animals under 
study which have received 1,000 and 1,500 
r using the above method.) 

The premature mortality among the first 
8 rats operated on resulted in necessary 
operative precautions in order to eliminate 
accidents as well as the formation of 
secondary adhesions. Under experimental 
conditions, the rapidity of the atrophy of 
the irradiated lobes and the simultaneous 
hypertrophy of the nonirradiated lobes are 
most striking. Yet, the trabecular structure 
of the lobules and the general aspect of the 
cells are conserved. The rare areas of ne- 
crosis can be considered as secondary to 
the alteration of the surrounding vessels 
which are involved in the swelling of the 
vascular connective tissue of the portal 
spaces, rather than a direct action of the 
roentgen rays on the hepatic cells. 


B. THE COMBINED ACTION OF RADIATION AND DAB 


Before considering experimental results, 
it is well to review first the changes in the 
liver of rats receiving a dietary regimen of 
butter yellow. Ir spite of frequent individ- 
ual differences, it is possible to outline the 
following stages and progressive changes in 
the hepatic structure: (a) First two weeks. 
Anomalies and degeneration of scattered 
cells. (b) Second two weeks. Appearance of 
the process of regeneration with new forma- 
tion of biliary canaliculi starting from the 
portal spaces. (c) Second month. Marked 
proliferation of the new canaliculi sur- 
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rounding the lobules, with penetration into 
and disruption of these lobules. (d) Third 
month. Formation of canalicular adenomas 
either localized or difuse. (е) Fourth month. 
Differentiation of the parenchymal nodules 
of regeneration; also, malignant change 
may appear at this tirhé (the earliest ap- 
pearance of cancer was found on the rosth 
day). (f) From the fifth to the eighth month. 
Appearance of different types of multi- 
centric carcinomas in nearly all animals on 
the average of about the 18oth day. 

The fact that the liver lobules react to 
chronic intoxication in various ways pre- 
sents a problem. The reason for this 1s not 
understood; however, samples from differ- 
ent sites of the liver show an uneven dis- 
tribution of the changes of fatty infiltra- 
tion, fibrosis, cholangiectasis, inflammatory 
reaction, etc. Also, each liver lobule acts as 
an independent unit insofar as progression 
of the precancerous lesions is concerned. 
In order to elucidate this, serial sections of 
the entire organ will have to be studied. 
Our results are based on examination of 
two or three random biopsies taken from 
the irradiated and nonirradiated parts of 
the liver. 

(1) Dose of 500 r. Five animals were 
sacrificed or died spontaneously 87, 163, 
183, 230 and 235 days after irradiation; 
they had received a daily ingestion of azo- 
dye in their feed during the previous 60, 
146, 166, 172 and 177 days, respectively. 
Autopsy findings showed that the expected 
lesions consisted of disseminated little 
nodules which were scattered over the en- 
tire surface of the organ, but, in certain ani- 
mals, and notably in the 2 that survived the 
longest, several of these nodules were quite 
large and vegetating. They were located 
in the nonirradiated left lobe. 

The histologic examination confirmed, in 
general, a retardation of the evolutive 
stages in the irradiated lobes. In particular, 
proliferation of the bile canaliculi was 
markedly reduced. The parenchymal re- 
generation was frequently found to be re- 
tarded. Malignant transformation existed 
in the nonirradiated lobe in those rats 
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which had received the DAB 146, 172 and 
177 days, respectively. A single, beginning 
hepatoma was found in one of the speci- 
mens from an irradiated portion of the liver 
in the rat on the diet for a period of 172 
days. . 

(2) Dose of 7,508 r. In this group 14 ani- 
mals survived 53, 58, 59, 62, 63, 73, 87, 94, 
127, 143, 147, 178, 180 and 250 davs after 
irradiation, having been maintained on the 
regimen of D AB during the previous 18, 24, 
27, 33, 37, 38, 55, 63, 92, 112,114, 143,165 
and 220 days. This series followed the pro- 
gressive alterations under the double influ- 
ence on the irradiated side compared to the 
single influence of the azo-dye on the pro- 
tected side. The findings confirmed in gen- 
eral those that had been shown in the rats 
receiving {ОО г, although several aberrant 
cases were noted. 

We found no gross diterences between 
the irradiated and nonirradiated portions 
of the liver in the animals sacrificed during 
the first month of the chronic dietary regi- 
men. The only histologic finding in the ir- 
radiated part was the inhibition, more or 
less marked, of the growth abilitv of the 
new canaliculi. After the first month, the 
marked atrophy of the rizht lobe and less 
frequently of the bifid lobe was noted. This 
corresponded with hypertrophy of the un- 
irradiated. lobes. 

During the second and third months, a 
slight retardation in the development of 
the lesions in the irradiated area was noted 
in a few animals; however, a sample from 
an irradiated bifid lobe of a rat sacrificed on 
the 147th day contained an adenoma more 
advanced than any found in the nonirradi- 
ated lobe. On the other hand, a sample ob- 
tained from a nonirradiated lobe of a rat 
sacrificed on the 178th day showed marked 
cirrhotic and proliferative changes which 


were in marked contrast to the absence of 


canalicular proliferation and the near nor- 
mal appearance of the lobules on the ir- 
radiated portion. This was also noted in a 
rat sacrificed on the 180th day, where the 
lesions of the control (nonirradiated) lobe 
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contained malignant change. A rat sacri- 
ficed on the 250th day had voluminous 
tumors in the nonirradiated lobe, whereas 
the irradiated lobes showed absolutely no 
tendency to malignant change. 

(3) Dose of 3,000 ғ. In this group there 
were 3 rats which were sacrificed 150, 160 
and 233 days after irradiation or after be- 
ing on DAB 99, 117 and 182 days, respec- 
tively. In the first of these animals a strik- 
ing histologic change was seen between the 
cirrhotic, precancerous adenomas of the 
nonirradiated portion and the fatty infil- 
tration of the irradiated side. The animal 
sacrificed on the 160th davy presented 
atrophy of the right lobe, suggesting it was 
the only lobe irradiated, whereas the histo- 
logic lesions were distinctly more advanced 
in the bifid lobe, where an adenocarcinoma 
was present. The last animal had a large 
hepatoma of the left lobe; vet, one of the 
nodules taken from the bifid lobe also con- 
‚С a hepatoma. 

) Dose of 3,000 r Applied to Exterior- 
iud s . In order to eliminate the ques- 
tion of field localization, we employed the 
technique mentioned above. This series 
contained 10 animals which died spontane- 
ously or were sacrificed 36, 57, бо, 69, 77, 80, 
90, 102, 1 t T and 146 days after peer lation 
and had been on the DAB regimen 1, 21, 23, 
24, 40, 43, 46, 64 and 101 days , respectively. 
None of these animals had passed the latent 
period required for the development. of 
malignant change. 

In all cases the atrophy of the irradiated 
and the parallel compensatory hypertrophy 
of the nonirradiated lobes were well ac- 
centuated. In the animal sacrificed 146 days 
after irradiation, the two halves of the 
liver, which initially were nearly equivalent 
in weight, showed a marked AD with 
the irradiated lobe weighing 2.52 g. and the 
nonirradiated lobe weighing TA The 
histologic findings of the animal sacrificed 
after 36 days permitted one to distinguish 
between the two sides because of the ab- 
sence of canalicular proliferation and the 
presence of swelling of the collagen of the 
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perivascular sheaths on the irradiated side. 
However, in the rat receiving DAB for 40 
days the difference was grossly visible be- 
cause of the absence of adenomas in the 
irradiated lobes and the presence of well 
developed adenomas in the nonirradiated 
lobe. 


DISCUSSION 


When undertaking these experiments, it 
was difficult to predict what the results 
would be. It appeared that either of two 
opposite hypotheses might be supported: 
(1) There could be an acceleration of the 
carcinomatous process by the addition of 
the cancerogenic properties of each of the 
two agents and (2) the malignant trans- 
formation under the action of DAB could 
be retarded because of the possible slacken- 
ing of the processes of repair by the irradia- 
tion which preceded the chemically induced 
cancer formation. 

The reported results seem to eliminate 
the first of these hypotheses and to support 
the second. This is verified by the fact that 
all the carcinomas, whether formed in the 
irradiated or nonirradiated lobes of the liver 
were recognized during the expected de- 
velopment period of between 117 and 220 
days. There was no case of early develop- 
ment either in the lobe atrophied by irradi- 
ation or in the lobe showing compensatory 
hypertrophy. Thus, even while awaiting 
the results from experiments now under- 
way using the technique of irradiating the 
exteriorized lobes, we do know that car- 
cinomas were found somewhat more often 
in the nonirradiated portion of the liver. 

More generally, we can say that because 
of irradiation there was a delay in the ap- 
pearance of the destructive process and of 
the subsequent regeneration which the 
hepatic parenchyma customarily demon- 
strates under the influence of the azo dye. 
The most characteristic phenomenon was 
the feebleness and prolonged delay in the 
appearance of the new hepatic cells arising 
from the bile canaliculi. This was described 
in 1952 by Price e£ 2/.° and was confirmed 
by the present experiments. 
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Partial irradiation of the liver has many 
analogies with partial hepatectomy. The 
extraordinary regenerative ability of he- 
patic tissue manifests itself here, also by 
compensatory hypertrophy. In the case of 
progressive regression ff a parenchymal 
mass of the irradiate” lobe, the hyper- 
trophy in the other lobe reaches a level 
equally progressive. This permits the ratio 
of the total weight of the liver to the total 
weight of the body to remain constant. 
This finding was also noted in those rats on 
a regimen of DAB which caused a rapid 
loss of weight. Brisk, relative augmentation 
of the weight of the liver is one of the mani- 
festations which indicates that cancerous 
transformation has taken place. 

The experiments reported here and 
which were undertaken with a limited 
scope, however, have presented more prob- 
lems than they have solved. This is true 
because of the wide gaps in our knowledge 
regarding this organ. It appears that two 
modes of regeneration exist in the liver: 
(1) The first, which has been well studied, 
commences immediately after partial hepa- 
tectomy and consists of a multiplication of 
parenchymal cells by mitosis. From previ- 
ous experiments,® we know that this mech- 
anism is retarded by DAB. (2) The second 
type of repair manifests itself slowly in 
those animals in which the intoxication by 
DAB causes the progressive destruction of 
hepatic cells. It originates principally from 
the neoplasia of the bile canaliculi and is 
not modified by partial hepatectomy,® but 
is definitely retarded by irradiation. 

The damage to the hepatic cells by the 
two carcinogenic agents, irradiation and 
butter yellow, does not appear to be addi- 
tive. Actually, the roentgen rays appear to 
exercise a slight protective effect against 
the azo dye. Perhaps this might be inter- 
preted to mean that the radiation effect is 
predominantly on the nuclei, whereas the 
direct action of the DAB is predominantly 
on the cytoplasm. 

It is possible that some variation in the 
application of these two agents will suggest 
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or explain certain pertinent points concern- 
ing the mechanism of m: uignant trans- 
formation. 


Antoine Lacassagne 
Institut du Radium . 
Paris, France 
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THE SYSTEMIC EFFECTS OF LOCALIZED RADIATION 
ON SERUM PROTEINS IN HUMANS* 


A PRELIMINARY REPORT 


By JOSEPH L. ACKERMAN, M.D.,t JOSEPH A. LINSK, M.D. 


and 


BERNARD J. SHUMAN, M.D.$ 


ATLANTIC CITY, NEW JERSEY 


"que systemic effects of total body radi- 
ation upon animals and humans have 
been recorded in a voluminous litera- 
ture.?518 Much of this work has dealt with 
acute syndromes and lethal doses of radia- 
tion rather than more subtle physiologic 
effects. The effects upon the hemopoietic 
system have been studied intensively since 
the first report by Senn? in 1903. These 
studies have included changes in the bone 
marrow, thrombocytes, white blood cells 
and red blood cells.9:10:14.20.2: 

More recently, there has been great in- 
terest and: research in the effects of total 
body radiation on immunity mechanisms, 
particularly with reference to tissue trans- 


. plantation.5 The systemic effects of local- 


ized radiation have also been studied exten- 
sively with reference to lethality of dose 
and modification of lethality by shield- 
ing.^!5 Physiologic changes іп the body re- 
mote from the target of radiation have not 
been reported with any frequency. In a 
comprehensive review? in 1942, Dunlap 
stated: "It is not known how local radia- 
tion affects distant tissue." The mechanism 
is still unknown; however, it is felt worth- 
while to report on one systemic radiobio- 
logic effect of localized radiation: the effect 
of localized tumor dose radiation on the 
serum protein electrophoretic pattern in 
humans. 


MATERIALS AND METHODS 


Cancer patients were selected for this 
study at random. In some patients, radia- 
tion was applied postoperatively to the 
cancer bed. In others, the radiation was 


applied directly to the tumor mass or to the 
spleen. 

Serum protein electrophoretic patterns 
were determined for each patient prior to 
radiation therapy. At the estimated peak 
of radiation effect, electrophoretic patterns 
were repeated and comparisons were made 
in the distribution of the serum protein 
fractions for each serum obtained before 
and after radiation. 

It is probably worthwhile to indicate 
briefly what is meant by an electrophoretic 
pattern. Electrophoresis is a process by 
which a complex protein moiety is frac- 
tionated by running an electric current 
through it. The filter paper method de- 
veloped in 1950 by Tiselius, Cremer and 
others is a simple technique which gives re- 
producible results. In this method, a small 
quantity of serum is applied to a strip of 
filter paper moistened with veronal buffer. 
As an electric current passes through the 
paper, the serum protein components move 
away from the point of application with the 
lightest protein, albumin, moving the fast- 
est. The protein fractions identified by this 
technique are albumin, and the globulins 
alpha, beta and gamma. Gamma, being the 
heaviest, moves the least from the point of 
application. The strip is then heated to co- 
agulate the protein and stained. The quan- 
tity of each protein fraction is determined 
by the amount of stain deposited and is 
measured electronically. 

Fractionation in this study was per- 
formed by using the Spinco-Durran ap- 
paratus and quantitated by a companion 
analytical method. 


* Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 


1960. 
t Department of Radiology, Atlantic City Hospital. 
$ Department of Medicine, Atlantic City Hospital. 
§ Department of Pediatrics, Atlantic City Hospital. 
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Changes were noted in all of the protein 
fractions, but, with the exception of those 
in gamma globulin, no definite pattern for 
the changes was established. 

The gamma globulin was increased in 10 
of the 11 cases. The increase was minimal 
to moderate and ranged from 1 to 8 per 
cent (Table 1.) One might assume that this 
protein fraction would remain unchanged 


or even increase; however, it is well known 


that total body radiation can ablate the 


Vor. 87, No. 3 


immunity mechanisms causing a reduction 
in plasma cells and gamma globulin.^ This 
point remains to be clarified. 


LOCALIZED RADIATION 


As previously stated the effects of local- 
ized radiation on the white blood cell count 
have been known since 1903.” In a sum- 
mary of the subject by Goodfellow? in 
1936, both direct and indirect effects of 
radiation on the white blood cells were 
considered and a leukotoxin was postu- 
lated. Radiation of the spleen in chronic 
granulocytic leukemia may cause an altera- 
tion of the bone marrow with a drop in the 
white blood cell count." Since this occurs in 
the absence of significant direct radiation 
to the marrow, it is considered a remote or 
indirect effect. 


DISCUSSION 


It has been shown that the serum of rab- 
bits is altered twenty-four hours after a 
single large dose of whole body radiation 
was delivered. The serum at that time 
contains a physically characterized factor 
not found in controls which inhibit cell divi- 
sion and bacterial growth. This effect is 
not present when the serum is irradiated 27 
vitro. It is not unreasonable to assume that 
irradiation of large blocks of tissue rather 
than of the total body might cause a sim- 
ilar alteration or humoral change in the 
serum. Changes in nuclei acid synthesis 
outside the field of radiation which have 
been reported? might well be due to the ef- 
fects of a humoral factor on cell division. 

Although indirect effects of local radia- 
tion have been established, the mechanism 
of this process has not, as yet, been deter- 
mined. The possibilities are: (1) a break- 
down product of the irradiated tissue acting 
as a humoral agent; (2) release of a hor- 
mone triggered by the radiation; and (3) a 
neurogenic reflex triggered by the radia- 
tion. 

Regardless of the mechanism at work, 
this preliminary study would seem to indi- 
cate that there may be a plasma cellular 
response to localized radiation as reflected 
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in the consistent moderate increase in 
gamma globulin levels.*”, Plasma cells 
are probably a component of the reticulo- 
endothelial svstem although this depends 
on definition." As part of this system, they 
may respond to innupferable stimuli— 
chemical, physical, bagkerial, nutritional, 
etc." The response of the reticuloendo- 
thelial system to total body irradiation 
has been variable with inhibition of hu- 
moral antibody formation as well as failure 
of alteration of phagocytosis.’ It is not un- 
reasonable, therefore, to assume that lo- 
calized radiation may through one of the 
mechanisms suggested above cause stimu- 
lation of the reticuloendothelial system, 
plasma cell hyperplasia or hyperfunction 
and increased gamma globulin formation. 


SUMMARY 


Serum electrophoretic patterns were re- 
corded before and after irradiation of large 
local blocks of tissue in humans. Of 11 
cases, 10 showed a slight to moderate in- 
crease in gamma globulin with no con- 
sistent change in the other protein frac- 
tions. 

It is suggested that this gamma globulin 
change represents a stimulation of the 
plasma cell component of the reticuloendo- 
thelial system. This stimulation is most 
likely a remote effect of the radiation. 


Joseph L. Ackerman, M.D. 
Atlantic City Hospital 
1925 Pacific Avenue 
Atlantic City, New Jersey 
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POSTIRRADIATION TREATMENT OF LETHAL 
TOTAL BODY IRRADIATION BY CELL-FREE 
SPLEEN EXTRACTS* 


By FRIEDRICH ELLINGER, M.D.f 


BETHESDA, MARYLAND 


HE treatment of every disease is based 

on two*fundamental approaches: the 
curative and the preventive or prophylac- 
tic. These classic approaches apply also to 
the treatment of lethal total bodv irradia- 
tion. We shall consider the prophvlactic 
approach to lethal total bodv irradiation in 


accordance with the age old maxim of 


medicine that prophylaxis is better than 
cure. 

With regard to the prophylaxis of lethal- 
ity in total body irradiation, there are two 
general methods available, namely pre- 
irradiation and postirradiation treatment. 
A review of the literature! shows that the 
majority of investigators has selected the 
prophylactic approach by administering 
chemicals prior to irradiation. For this type 
of treatment the term “chemical protec- 
tion” was suggested by Latarjet and 
Gray.” 

“Chemical protection," 7.e., pre-irradia- 
tion treatment of the lethal effect of total 
body irradiation with chemicals, is beset 
with numerous difficulties.” The most sig- 
nificant of these are: 

1. Chemicals to be used in this manner 
must be available at the time of irradiation 
in a sufficient concentration to counteract 
toxic substances formed during the impact 
of irradiation. Experience has shown that 
in such concentrations suitable chemicals 
are quite toxic and that some may even 
cause death. When given after irradiation, 
most chemicals fail to reduce mortality." 

2. The protective effect of such chem- 
icals is very short lived. This makes it nec- 
essary to administer these chemicals from 
a few minutes to a few hours prior to irradi- 


( 


ation. Such exact timing between admin- 
istration of these chemical compounds and 
exposure to irradiation is, however, in most 
instances impossible under conditions pre- 
vailing in industrial as well as in military 
medicine. 

3. In addition, in most instances admin- 
istration of these chemicals necessitates the 
intravenous route for their effectiveness. 
This constitutes a formidable logistics prob- 
lem if and when the prophylactic treat- 
ment of larger numbers of persons must be 
accomplished. 

4. Pre-irradiation application of chemi- 
cals entails the risk of reducing tumor 
radiosensitivity to the same extent as this 
treatment increases the radioresistance of 
the tumor host, a problem of particular 
interest to the radiation therapist. 

g. Even if scientific ingenuity were to 
produce a substance as harmless as aspirin, 
which could be taken by mouth and which 
would protect a human being for 24 hours, 
there would still remain some serious ob- 
stacles. For on the basis of pharmacologic 
experience it appears highly probable that 
persons engaged in work entailing a radia- 
tion hazard and to whom such drugs would 
be administered five times weekly over the 
entire period of their gainful employment 
would suffer from chronic intoxication. 

These disadvantages show that the so- 
called “chemical protection” offers but lit- 
tle probability of providing an effective and 
practical method for the prophylactic treat- 
ment of lethal total body irradiation. 

Although pre-irradiation treatment with 
chemicals as a prophylactic method of com- 
bating radiation mortality does not appear 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 

+ Chief Radiation Biologist and Head, Division of Pharmacology and Radiation Biology, Naval Medical Research Institute, Na- 
tional Naval Medical Center, Bethesda, Maryland. The opinions or assertions contained herein are the private ones of the author and 
are not to be construed as official or reflecting the views of the Navy Department or the naval service at large. 
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as a hopeful approach, this does not mean 
that a prophylactic treatment of lethal 
total body irradiation is precluded. kor- 
tunately, the other approach to the prob- 
lem, Ze. postigadiation treatment offers 
definite chances Yr successful therapy. 
From the std flpoint of prophylaxis it 
must be considered as fortunate that the 
acute radiation syndrome leading to death 
shares with infectious diseases the incuba- 
tion (latent) period between exposure ind 
the onset of sy mptoms. It appeared, there- 
fore, promising to institute therapeutic 
measures during this period which might 
ameliorate or completely suppress the sub- 
sequent course of the disease, as this has 
been done successfully in infectious dis- 
eases. Such prophylactic treatment is also 
more advantangeous from the point of view 
of civilian as well as military medicine. 
Obviously postirradiation prophylaxis can 








readily avoid many of the drawbacks of 


pre-irradiation prophylaxis with chemicals. 
Pertinent investigations were, therefore, 
initiated. 

We selected cell-free spleen extracts for 
postirradiation treatment of lethal total 
body irradiation on the basis of our ob- 
servation that in various animal species, 
regardless of the condition of the bone mar- 
row, a certain percentage of animals re- 
covered from the impact of irradiation pro- 
vided that the radiation dose permitted 


some remnants of malpighian bodies of 


spleen to remain.! We concluded that possi- 
bly a humoral factor elaborated by the 
spleen might be responsible for this recov- 
ery of the bone marrow from the i impact of 
irradiation. This hypothesis received sup- 
port in experiments carried out by Jacob- 
son,* in which the exteriorized spleen of 
mice was shielded with lead during irradia- 
tion and implantation of baby mouse 
spleens took place after irradiation. Both 
procedures resulted in increased survival 
of the irradiated animals. Thus, we hoped 
to prove the existence of a humoral spleen 
factor, which might reduce radiation mor- 
tality through speed up of the natural re- 
covery processes from the impact of irradi- 
ation, 
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METHODS 
A. EXTRACTION METHOD 


By trial and error? we succeeded in de- 
veloping a standard procedure for spleen 
extracts to be used in studies of the effect 
of such extracts on lethal total body irradi- 
ation. Our methodical approach has been 
described in detail? Briefly, it is as follows: 
Spleens are removed from the donor ani- 
mals as soon as possible after killing and 
immediately frozen on dry ice. The organs 
of larger animals are cut into small pieces 
in order to accelerate the freezing process. 
The frozen spleens are then ground to a 
fine powder in a porcelain mortar with a 
porcelain pestle and cooled with dry ice. 
The powder is extracted for about 24 hours 
at refrigerator temperature with a given 
amount of a 5.9 per cent NaCl solution. 
Thereafter removal of particulate matter 
takes place by centrifugation at —4 to 
—6° C. at 4,500 rpm for 30 minutes. The 
supernatant fluid is first filtered through a 
Buchner filter under light vacuum and then 
through a Silas filter of 0.3 porosity under 
heavy vacuum. The filtrate is tested for ab- 
sence of bacterial contamination and cell 
debris. Its volume is determined for figur- 
ing the amount of spleen extracted per ml. 
(so- called spleen equivalent). The entire 
filtrate is lyophilized in volumes of 25 to о 
ml. The vials are stored in a refrigerator for 
later use. Since it was ascertained that in 
the lyophilized state extracts could be 
stored for a period of about one year with- 
out a notable loss of radiation protective 
effect? lyophilized extracts were used at 
varying time intervals but within one vear 
from the time of their preparation. For the 
study of the protective effect, the lyophil- 
ized material is reconstituted with varving 
amounts of distilled water. 


В. INJECTION PROCEDURE 


For the evaluation of radiation protec- 
tive power of extracts, one group of either 
mice or guinea pigs, all of male sex and of 
specified | weight, received as small as possi- 
ble a volume of highly concentrated ex- 
tracts. Intramuscular injections were se- 
lected for practical reasons and started on 
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the day of irradiation } to 2 hours after ex- 
posure; they were continued for 5 consecu- 
tive days. Another group of animals of 
equal numbers and the same specifications, 
irradiated simultaneously with the first 
one, received a volume of physiologic 0.9 
per cent NaCl solution corresponding to 
that of the spleen extracts for the same pe- 
riod of time and served as controls. 


С. IRRADIATION AND EVALUATION PROCEDURE 


In our first studies 250 kvp. roentgen 
rays and mice exposed to various radiation 
doses were used. In the subsequent syste- 
matic investigations, guinea pigs served as 
experimental animals and were exposed to 
- a 2,400 curie Со" radiation source using a 4 
рі geometry as previously described.‘ This 
irradiation procedure permitted the simul- 
taneous exposure of a larger number of ani- 
mals. The use of guinea pigs appeared pref- 
erable since they show a more homogene- 
ous response to a given radiation dose in 
smaller numbers than mice do. Only one 
standard radiation dose was employed, 650 
г in air, which is approximately the ТО тузо, 
as established in previous studies.4 Term- 
ination of the observations on the twentieth 
postirradiation day was elected as a matter 
of economy and because it was found that 
only insignificant changes in mortality oc- 
curred after this date up to the usual term- 
ination point of 28 days.* 


RESULTS 


A. QUALITATIVE DEMONSTRATION OF RADIATION 
PROTECTIVE EFFECT OF CELL- 
FREE SPLEEN EXTRACTS 

In the first exploratory study using 
mouse spleen extracts prepared in various 
ways on mice exposed to the LDay days 
of 250 kvp. roentgen rays, a larger number 
of survivors was found in the spleen treated 
groups when compared with their respec- 
tive saline controls. While the difference in 
survivors for each of the individual groups 
was not statistically significant because of 
too small numbers, the total experience, 
however, showed 23 survivors out of 144 
animals in the saline treated group and 39 
survivors out of 144 animals in the spleen 
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treated group. This difference proved to be 
statistically significant (X*—4.6246 and 
P —0.o2 to 0.05). Thus the existence of a 
protective factor in cell-free saline mouse 
spleen extracts was demorgtrated in a gen- 
eral way. t 

The question arose, whether a reduction 
of radiation mortality could be accomp- 
lished only with homologous spleen extract 
treatment (i.e. in instances where the 
donor animals from whose spleens the ex- 
tracts were made and the recipients were of 
the same animal species) or whether an 
heterologous spleen extract treatment (i.e., 
treatment with an extract from spleens of 
donor species different from that of the 
recipient) would also be successful. An ex- 
ploratory study proved the effectiveness 
also of heterologous spleen extract treat- 
ment.” This observation encouraged fur- 
ther systematic studies with homologous 
and heterologous spleen -extracts. Perti- 
nent data are listed in Table 1. 

The evidence as seen in Table 1 indicates 
that regardless of the nature of cell-free 
spleen extracts, statistically a highly signifi- 
cant reduction of radiation mortality 
(P <о.оот) сап be accomplished within the 
20 days observation period. This points 
strongly to a common active principle in 
the extracts from the spleens of different 
species, capable of reducing radiation mor- 
tality. 


B. LONG-RANGE ASPECTS OF SPLEEN 
EXTRACT TREATMENT 

While reduction of mortality has been 
established beyond doubt for short-range 
experiments, it became necessary to ascer- 
tain whether spleen extract treatment may 
not produce late effects. Pertinent experi- 
ments extending the observation to ap- 
proximately three months? indicated that 
this was not the case. Animals treated with 
spleen extract continued to gain weight and 
retained this weight gain until death.’ 
Furthermore, the median survival time for 
these animals and for their respective con- 
trols during the second postirradiation 
year was about the same.? This proved 
that spleen extract treatment per se did 
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| 
Experi- Donor | ————————— | x: | p 
ment Species | Species | e Extract | ur | 
| i Saline rn] 
| | c | Treated 
} i n S H 
| ЕЕ Animals | 
| 
1 Guinea Pig Guinea Pig t1740 28/40 <.001 
H Guinea Pig Mouse | 7:50 23/50 <.001 
Ht Guinea Pig Dog | 11/40 23/40 OL 2P».001 
Total Experiment 29/130 58/130 38.132 <.001 


not shorten the life span of irradiated ani- 
mals. 

Autopsy findings in survivors of irradia- 
tion which died during the second post- 





Fic. 1. Cystic degeneration of kidneys of a guinea pig 
killed 985 days after a singe total body exposure 
to 650 rin air of Co” gamma radiation О0о). 


irradiation vear or later showed that both 
control and spleen extract treated animals 
died primarily from changes produced in 
the kidnevs. The most extreme changes 
noted in an animal which had served as an 
irradiated nontreated control and came to 
autopsy 985 days after irradiation are shown 
in Figure 1. At this time it is not possible 
to state definitely whether these changes 
occurred as a result of natural or radiation 
induced aging. Pertinent studies to obtain 
basic information on nonirradiated guinea 
pigs of similar age are in progress. 


С. ACTION MECHANISM OF SPLEEN EXTRACTS 


From the course of radiation mortality 
in animals treated with spleen extract and 
their respective saline treated controls, it 
was concluded that the reduction of radia- 
tion mortality might be due to acceleration 
of the natural recovery processes. This con- 
clusion was based on the observation that a 
notable difference in the course of radiation 
mortality in the experimental groups and 
their respective saline treated controls usu- 
ally did not occur prior to the beginning of 
the second postirradiation week. Previous 
studies with desoxycorticosterone!? had 
shown that a similar trend in the mortality 
curves of the hormone treated animals was 
attributable to a statistically significant 
speed-up of the recovery of the bone mar- 
row. 

In order to ascertain whether a similar 
mechanism is effective in animals treated 


VoL. 87, No. 3 


with spleen extract, pertinent systematic 
studies have been pertormed.'! From these 
studies it appears that spleen extracts ac- 
celerate first the recovery of the spleen and 
then, with a time lag of a few days, the re- 
covery of the bone marrow. 

This is illustrated in Figure 2, 7-D: A 
comparison of 4 and B shows that as early 
as on the third postirradiation day recovery 
of the spleen becomes evident in the organs 
of the animals treated with spleen extract. 
C shows the bone marrow of a saline treated 
control and D of an animal treated with 
spleen extract on the seventh postirradia- 
tion day. Both appear equally affected by 
irradiation, 7.e., no incipient recovery could 
be demonstrated in the bone marrow of the 
extract treated animal. On the ninth day, 
however, also the bone marrow of the ex- 
tract treated animals showed notable re- 
covery, while the saline treated controls 
failed to show recovery as described in de- 
tail elsewhere.” 


D. POSSIBLE USE OF SPLEEN EXTRACT IN THERAPY 

'The data presented so far suggested the 
possible use of spleen extracts for the treat- 
ment of lethal total bodv irradiation. Be- 
fore, however, any attempt could be made 
to approach this problem from the point of 
view of human therapy, a number of prob- 
lems required investigation. Most impor- 
tant was to find a suitable source of organ 
material permitting readily the preparation 
of large amounts of spleen extract. For this 
purpose the use of spleens from larger ani- 
mal species such as dogs or calves was con- 
sidered. Table 1 shows that dog spleens 
appeared to be the most suitable. 

A comparison of the various spleen ex- 
tracts listed in Table 1 from the point of 
view of spleen equivalent per injection, 
necessary to obtain a notable reduction of 
mortality in animals exposed to the 1.00, 
resulted in the average values of 500, 1,335 
and 1,641 mg. for mice, guinea pigs and 
dogs, respectively. 

From these figures it appears that the 
larger the animal species, the smaller is the 
content of protective factor per unit of 
organ weight. 
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E. OTHER CHARACTERISTICS OF RADIATION 
PROTECTIVE SPLEEN EXTRACTS 

One problem of great importance to the 
application of spleen extracts in therapy 
consists in the possibiygy that such ex- 
tracts might produce T anaphylactic 
reactions. In the way these extracts have to 
be applied, they represent highly concen- 
trated solutions of foreign proteins reach- 
ing concentrations of Io per cent or more. 
So far only a few pilot experiments with 
respect to producing antigenicity have 
been performed such as sensitization of 
guinea pigs with mouse spleen extract and 
the study of the cutaneous reaction to in- 
tradermal injection of the mouse spleen 
extract. These preliminary investigations, 
however, did not show a significant cutane- 
ous reaction. 

A few pilot experiments concerning for- 
mation of precipitating antibodies were 
performed* on guinea pigs pretreated with 
mouse spleen extract. These pilot experi- 
ments failed to show precipitating antibod- 
ies with dilutions ranging from 1:10 to 
1:500. 

Furthermore, injection of 1 ml. of dog 
spleen extract into the ear veins of rabbits 
did not produce any adverse reactions, not 
even after repetition of this procedure with 
four weeks interval. 

We hope to supplement these pilot stud- 
ies with a systematic investigation on anti- 
genicity of cell-free spleen extracts. While 
the pilot experiments do not permit any 
definite statement, they seem to permit the 
conclusion of at least a low antigenicity, 
since no obvious reactions were found in 
two animal species such as guinea pigs and 
rabbits, both well known for their suscepti- 
bility to anaphylactic reactions. 

Attempts to characterize spleen extracts 
pharmacologically have so far been equally 
exploratory only: addition of spleen extract 
from mice, dogs and guinea pigs to a water 
bath in which an ileal segment of guinea 
pig intestine was suspended produced a 
contraction in 24 out of 30 tests. Circum- 
stances beyond our control prevented 


* We are indebted to LT J. H. Berrian, MSC, USN formerly 
at NMRI for carrying out these tests. 





Fie. 2. Effect of cell-free guinea pig spleen extract treatment on hematopo etic tissues of guinea pigs after 
a single total body exposure to 650 rin air of Co? gamma radiation (Юм). (4) Spleen of saline treated 
control animal, 3 days postirradiation. Note decrease in cellular elements in both red and white pulp. 
Only indistinctly outlined remnants of malpighiin bodies are seen. Hematoxylin-cosin, X 100. (B) Spleen 
of spleen extract treated animal, 3 days postirradiation. Malpighian bodies though decreased in size 
show beginning of recovery. Compared with 7, the cellularity of red and white pulp appears increased. 
Hematoxylin-eosin, X too. (C) Bone marrow of saline treated control animal, 7 days postirradiation, 
Sinusoids are congested with erythrocytes. Many gelatinous arcas are present. Few granulocytes, reticu- 
lum cells and endothelial cells are seen. Hematoxslin-cosin, X230. (D) Bone marrow of spleen extract 
treated animal, 7 days post rradiation. Note similarity to C, indicating no recovery at this time. Hema- 
toxylin-eosin, X230 (Reproduced with permissicn of Afeta haemat.). 
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further elucidation -of the nature of the 
contracting agent by the use of blocking 
agents. Injection of 0.5 ml. of guinea pig 
spleen extract into the femoral vein of a 
dog as well as repeat injection six weeks 
later did. not produce a notable effect on 
either blood pressure or respiration.f 


F. ATTEMPTS TO ISOLATE AND IDENTIFY CHEMICALLY 
THE ACTIVE PRINCIPLE IN SPLEEN EXTRACTS 

Pertinent studies have been carried out 
using paper chromatographic analyses of 
the spleen extracts of mice, guinea pigs 
and dogs.? From these studies it appeared 
that all of these extracts contained 18 
amino acids and 5 carbohydrates. A differ- 
ence in the taurine content of spleen extract 
of mice and guinea pigs appeared of interest 
as a possible explanation for the differences 
in the spleen equivalent of these two ex- 
tracts necessary for reduction of mortality. 

In order to. verifv or disprove this con- 
tention, studies were carried out with 
taurine solutions varying from 12.5 mg. 
per cent to 45 mg. per cent. Amounts 
of 0.3 ml. were injected into mice and 
guinea pigs exposed to the 1.0 „зо days. No 
significant modification of radiation mor- 
tality was ascertained. 

Chemical analyses of total protein con- 
tent and nonprotein nitrogen content were 
performed. No positive correlation be- 
tween radiation protective effect and the 
total protein content was. established. 
Somewhat better appeared the correlation 
between nonprotein nitrogen content and 
protective effect in various spleen extracts. 
From these and the paper chromatographic 
analyses, it is tentatively concluded that a 
polypeptide might be responsible for the 
protective action of spleen extracts. Com- 
patible with such a contention is the result 
a pilot study on the effect of dialysis. 
This procedure appeared not to influence 
the protective action of dog spleen extract. 
On the basis of the characteristics of the 
membrane selected for this preliminary ex- 
periment, it can be assumed that the active 


principle must have a molecular size of two 


t We are indebted to CDR S. W. Handford, MSC, USN of the 
Institute's staff for performing these testa. 
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thousand or greater. Further analyses us- 
ing columnar chromatography are in prog- 
ress. The results of these studies carried 
out together with Dr. Katz will be reported 
in the future. 


SUMMARY AND Г -— 


1. Postirradiation treatment with ho- 
mologous as well as heterologous cell-free 
spleen extracts in appropriate doses re- 
duces radiation mortality (e.g., in guinea 
pigs the LD 20/26 is lowered to the LD 4o/20). 

2. This result can be obtained with 
treatment started after irradiation (during 
the latent period) when most chemicals 
fail to reduce mortality. ` 

3. Treatment. with cell-free spleen ex- 
tracts is free from unpleasant side and 
deleterious late effects. Animals treated 
with such preparations gain weight and re- 
tain such weight gain until death. 

4. Postirradiation treatment with cell- 
free spleen extracts avoids the inherent 
drawbacks of pre-irradiation treatment 
with chemicals. 

5. Cell-free spleen extracts are effective 
if administered intramuscularly. This fact 
recommends them as a treatment method 
in emergencies because self-administration 
by a patient or administration by untrained 
personnel would be possible, if and when 
these extracts are used in human beings. 

6. Cell-free spleen extracts can be pro- 
duced in quantity, in view of the fact that 
homologoüs as well as heterologous extracts 
can be used. In this respect they are supe- 
rior to the bone marrow grafts, since the use 
of the individual's own bone marrow ap- 
pears necessary. 

7. Cell-free spleen extracts can be stored 
for approximately one year without notable 
loss of activity. This represents another ad- 
vantage over bone marrow, in as much as 
storage of viable bone marrow cells with- 
out loss of protective properties over 
longer periods of time is still a formidable 
technical problem. 

8. Treatment with cell-free spleen ex- 
tracts restores spleen amd bone marrow. 
This proves the superiority of cell-free 
spleen extracts over marrow grafts also 
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from the functional point of view. Homo- 
grafts of bone marrow restore bone marrow 
function by re-populating it “but spleen and 
lymph nodes show little evidence of return 


to normal,’”!8 
going It appears that 


9. From the 
postirradiation treatment with cell-free 
spleen extracts appears to be the most 
practical and successful approach to the 
therapy of lethal total body irradiation so 
far developed by animal experimentation. 


Naval Medical Research Institute 
National Naval Medical Center 
Bethesda, Maryland 
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PRELIMINARY REPORTS OF CHROMOSOME STUDIES 
DURING RADIATION THERAPY* 


By ROBERT C. GOODLIN, M.D.+ 


MINNEAPOLIS, MINNESOTA 


HE mechanisms of the development of 
radiation leukopenia is unknown. The 
sternal bone marrow in the presence of 
leukopenia as a result of pelvic radiation 
therapy usually shows no evidence of de- 
pression.? Both Osgood* and Lawrence eż 
alè have apparently demonstrated that 
there is no indirect effect of radiation caus- 
ing leukopenia. The available evidence, 
then, is that radiation leukopenia results 
from strictly local effects of the radiation. 
Human cells in tissue culture have been 
shown to be extremely sensitive to radia- 
tion.” This is apparently true 77 vivo, as 
recently demonstrated by chromosome ab- 
normalities of the peripheral leukocytes of 
patients receiving radiation therapy and 
during the course of diagnostic radiologic 
study.':? 

Makowski and Mckelvey* have shown 
that 40 per cent of patients in the Univer- 
sity of Minnesota Hospital receiving radia- 
tion therapy for carcinoma of the cervix 
develop a leukopenia of 3,000 white blood 
cells or less. An attempt was made in this 
study to correlate the possible chromosome 
changes occurring in the peripheral leuko- 
cytes with the development of leukopenia 
in patients receiving radiation therapy for 
carcinoma of the cervix. 


METHOD 


The technique of Moorehead ef al’ was 
used for chromosome preparations from the 
peripheral blood. Leukocvtic cultures were 
obtained within 48 hours after starting 
therapy and at weekly intervals during the 
course of therapy. If significant leukopenia 
occurred (below 3,000 white blood cells), 
several attempts were made to obtain ad- 


СА 


ditional chromosome preparations. Thirty 
patients were studied but satisfactory 
preparations were obtained in only 36 per 
cent of the cultures. Unfortunately, in only 
2 patients were satisfactory preparations 
obtained throughout the course of radia- 
tion therapy. In 15 other individuals at 
least one satisfactory chromosome prepara- 
tion was obtained after the appearance of 
some degree of leukopenia. 


RESULTS 


Of the 30 patients studied, 19 had satis- 
factorv initial chromosome preparations. 
In 4 patients, while the modal number of 
chromosomes was 46, only $4 to 68 per cent 
of the cells had this number. (This com- 
pares with 184 other unrelated patients 
who had chromosome preparations and of 
whom 278, or 98 per cent, had at least 80 of 
the cells in the modal number.) The other 
15 patients had an apparently normal 
chromosome pattern (idiogram). Table 1 
shows the chromosome studies of a patient 
with squamous cell carcinoma of the cervix. 
Another patient (J.S., squamous cell car- 
cinoma of the cervix, LNS 11) showed no 
significant alteration of chromosomes in 
five different cultures. Her lowest white 
blood cell count was 3,600. 

Of the 15 other patients in whom satis- 
factory chromosome preparations were ob- 
tained, 7 showed apparently abnormal 
chromosomes in terms of chromosome 
breaks or decrease in the number of cells 
in the mode number (46) of chromosomes, 
after the fourteenth dav of therapy. 

Four other patients with a white blood 
cell count below 2,000 had multiple chrom- 
osome cultures done. Unfortunately, no 


* From the Department of Obstetrics and Gynecology, University of Minnesota Medical School, Minneapolis, Minnesota, 
Supported in part by grant from Graduate School, University of Minnesota. 
f Present address: Obstetrics Department, Stanford Medical Center, Palo Alto, California, 
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Taste T 
d" das | Six Weeks 

Days after Start of Therapy 2 6 16 19 22 2 chéri: 

č : after Therapy 
Approximate tissue r nidpelvis, доо kv.* 250 650 1,800 2,020 2,360 2,500 
White blood cells 6,200 4,820 3,200 2,400 2,100 2,800 
Chromosome no. of modal cell 46 46 47 47 46 49 46 
No. of cells counted 8 12 24 9 8 3 6 


Per cent of cells in mode 84 82 $2 55 37 82 


“Unfortunately, the time of the drawing of the blood for chromosome study was not recorded in relationship to the daily radiation 
therapy. 


satisfactory preparations were obtained. occurred, and to 100 per cent when the 
The serum from these same 4 patients was white blood cell count was below 2,000. 
used in the leukocytic cultures of 6 other This failure rate could be related to chrom- 
apparently normal individuals. Only two | osome abnormalities. 
satisfactory preparations were obtained The chromosome abnormalities could be 
but these were apparently normal. the result of the faulty culture technique. 
This seems unlikely as such chromosome 
changes have not been seen in such signif- 
Because of the known sensitivity of the icant numbers in our other investigations. 
human peripheral leukocytes to radiation, The sternal and iliac bone marrow 
it would be expected that chromosome should be studied. If the same chromosome 
alterations could be demonstrated in all abnormalities are present in the leukocytes 
patients receiving radiation therapy for from the sternal marrow, then an indirect 
carcinoma of the cervix. This does not ap- factor would seem to be operating in radia- 
pear to be so from this study. The failure tion leukopenia. The one sternal marrow 
rate of the leukocyte cultures increased 


from 37 per cent early in therapy to 89 
per cent when significant leukopenia had | ik i (^ 


DISCUSSION 


YK aK AK ө» у 
BX RY BB qu AA BA 


NA M AN AA K » к 


^^ HA AA AK BN OR 


АА А xx 4A at AA 
An АХ 1 к An AA Fic. 2. A karyotype 19 days after start of therapy (47 
chromosomes}. There are apparently two extra 
Fic. 1. A karyotype 24 hours after start of therapy small acrocentric chromosomes and one less group 


(46 chromosomes). E chromosome. 
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Fic. 3. Sixteen days after start of therapy (45 
chromosomes). Arrow points to damaged chromo- 
somes. 


done on a patient with a white blood cell 
count of r,400 showed no apparent ab- 
normalities of the chromosomes. No satis- 
factory preparations were obtained from 
the peripheral blood. 

The chromosome abnormalities in the 
leukocytes and leukopenia could well be 
unrelated. It may, however, be an ex- 
planation as to why the leukopenia oc- 
curs, as chromosome abnormalities may 
well bring about the death of the cell or its 
stem line. Puck? has interpreted his data 
to indicate that radiation damage to the 
chromosome is the primary process leading 
to destruction of the reproductive ability 
of the cell. 
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Fic. g. Caromosome damage indicated by arrow (oc- 
casionally seen in normal cells) (42 chromosomes). 


SUMMARY 


A relationship appears to exist between 
chromcsome damage of peripheral leuko- 
cvtes and radiation therapy in cases of 
carcinoma of the cervix. The damaged 





Fic. 4. Six days after start of radiation therapy (93 
chromosomes). Such apparent tetraploid cells 
occur in normal leukocytic cultures in less than 
1 per cent of the cells. 


Fic. б. Twenty-two days after start of therapy 
(48 chromosomes). 
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leukocytes may be in part an explanation 
of the leukopenia associated with radiation 
therapy. 

Obstetrics Department 


Stanford Medical Cegter 
Palo Alto, California 


+ 
ere 
The author wishes to express apprecia- 
tion for technical assistance to Mr. M. 
Burckhardt and Mrs. Kay Ochsner. 


REFERENCES 


г. Bovp, E., Воснлхах, W. W., and Lennox, B 
Damage to chromosomes by therapeutic doses 
of radioiodine. Lancet, 1961, Z, 977- 978. 

2. Hvrarr, L. W., and Berpixc, Н. W. Effects of 
irradiation of pelvis in patients with carcinoma 
of cervix uteri and iliac and sternal marrow on 
peripheral blood. Aw. J. RogNTGENOL., Кар. 
Tuerapy & NuctEaR MED., 1955, 75, 251-258. 


Goodlin Marcu, 1962 


3. Lawrence, J. S., Varentine, W. N., and Downy, 


A. H. Effect of radiation on hemopoiesis. Is 
there indirect effect? Blood, 1948, 3, £93-611. 


4. Makowski, E., and McKetvey, J. L. To be pub- 


x 


lished. 


. Моокенвар, P. S, Nowes, P. C., MELLMAN, 


D. M., Barrsips, D. M., and HUNGERFORD, 
D. A. Chromosome analysis for culture of 
peripheral leukocytes. Exp. Cell. Res., 1960, 20, 
613-616. 


6. Oscoon, E. E. Is action of roentgen rays direct or 


indirect?; investigation of this question. by 
method of human marrow culture. Aw. J. 
Ковхтсвхоі. & Rap. THERAPY, 1942, 4d, 
214—219. 


7. Pvck, T. T. Action of radiation on mammalian 


cells. ПІ. Proc. Nat. Acad. Хе, 1958, 44/6, 
772-780. 


8. SrEWwART, J. S. S., and Sanperson, A. R. Chro- 


mosomal aberration after diagnostic x-irradia- 
tion. Lancet, 1961, 7, 970-980. 


Vor. 87, No. 3 


LOW LEVELS OF X-IRRADIATION AND THE 
EARLY MAMMALIAN EMBRYO* 


By ROBERTS RUGHT? 


NEW YORK, NEW YORK 


T HAS been known for some time that 

x-ravs are particularly damaging to dif- 
ferentiating tissues in embryos so that ex- 
posure at certain periods of development 
will result in a preponderance of correlating 
congenital anomalies. The earlier studies, 
using only high levels of irradiation, led to 
the erroneous assumption that these critical 
periods limited the time during which 
specific anomalies could be caused. Thus, it 
was stated that x-irradiation prior to 8.5 
days in the mouse or rat either killed the 
embryos or the survivors were perfectly 
normal. 

It was then demonstrated by Rugh and 
Grupp (1956 to 1960) that x-irradiation at 
any time from fertilization of the egg 
through this 8.5 day period might also in- 
duce severe congenital anomalies, using 
doses of 25 r or more. One anomaly, cere- 
bral hernia or exencephaly, was chosen as 
the test condition and this was produced 
in embryos x-irradiated at any time prior 
to the completion of development of the 
central nervous system. This finding nat- 
urally led to a thorough study of lower 
levels of exposure on the very early em- 
bryos of the mouse, the data of which are 
here presented. 


MATERIALS AND METHOD 

CF, Swiss white mice were time-mated 
with males of the same strain and x-irra- 
diated either at 0.5 or 1.5 days after con- 
ception. The mating times were such that 
there could be a disparity of as much as 9 
hours in fertilization, but this would not 
alter the fact that at о. day the embryos 
were still in the one-cell stage and those at 
1.§ days were in the 2-cell stage. 

The x-radiation facilities used consisted 


Ld 
7; 


of a single tube at 89 «ла. from the level 
of the uterus, at 184 kvp., 30 ma., filtra- 
tion of 0.28 mm. Cu and о.5о mm. Al, 
half-value laver 0.6 mm. Cu, and a dose 
rate in air at the level of the uterus of 15 r 
per minute. Transposed to rads this was 
equivalent to 14.5 rads per minute to the 
embryos. The exposures used were either 
5 or I5 г x-rays total, and in a single ex- 
posure. Following irradiation the mice 
were placed, along with the controls, in 
the same animal quarters used for all mice. 

Following postirradiation intervals of 2, 
6, 24, and 72 hours, x-rayed and control 
females were sacrificed by cervical disloca- 
tion and their entire reproductive tracts 
were quickly removed and fixed in Bouin’s 
fluid. The entire oviducts and uteri were 
sectioned longitudinally and serially at 6 
microns, stained in Harris’ hematoxylin 
without benefit of counterstain, and 
searched for all stages of development. 
Some forty-five pairs of oviducts were 
thus sectioned, and twenty-eight other 
pregnancies were allowed to progress, and 
were terminated at 18.5 days for a study 
of the gross congenital effects. 


EXPERIMENTAL DATA 


The data from x-irradiated early preg- 
nancies, which were allowed to develop 
almost to the time for delivery (18.5 days), 
are given in Table r. 

This table shows that exencephaly (brain 
hernia) can be caused by as little as 15 r 
x-rays if delivered to the mouse embryo at 
о.5 Or 1.5 days post conception, or prior 
to the second cleavage of the fertilized egg. 
It has never been seen in the controls. Lit- 
ter size shows a slight average reduction 
and there is a considerable increase in the 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 
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| Controls 
Age of Embryos | 
Stage of Development | 
X-Irradiation ` | o 
Total Pregnancies e. e | бї 
Total Implantation Sites 630 
Total Normals (?) 591(94 67) 
Total Exencephalies o 


Total Resorptions 
Total Dead 


3765.7 
(о. 





percentage of intrauterine death and re- 
sorptions. In most regards the о. day 
embryo (pre- -cleavage) appears to be more 
radiosensitive than it is 24 hours later, at 
the r-2 cell stage. The percentage of nor- 
mal fetuses found is indicated with a ques- 
tion mark because, while those of the con- 
trols are indeed normal, those from litters 
containing exencephalies are questionably 
normal. It is believed that exposure suf- 
ficient to cause this severe central nervous 
system anomaly must be sufficient to cause 
lesser effects in all litter mates, even though 
not readily demonstrable. 

A preliminary study was made on 12 
pregnancies which had been exposed to 
IO r X-rays at 0.5 days post conception, or 
prior to the first cleavage. These preg- 
nancies were allowed to progress and at 
18.5 days were examined for development. 
It was Dd that of the 108 implantations, 
85 (or 78. 7 per cent) appeared to be nor- 
mal while 23 (21.3 per cent) had died at an 
early stage and were resorbed prior to dif. 
ferentiation, This figure is 15.6 per cent 
above the 5.7 per cent expected from this 
stock among 630 control implantations. 
The average litter size, counting all im- 
plantation sites, was 9.0 as compared with 
0.3 for the controls. These figures suggest 
а loss at such an eariy stage that no im- 
plantation site was established. No gross 
anomalies were found. However, there was 
considerable variation among the irradi- 
ated pregnancies so that implantation 
sites ranged from 1 to 12, and resorptions 
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| E Sperma. (x-rayed) 
о.5 Days | 1.5 Days 

| Fertilized Eggs | 1 to 2 Cells 
| Tz | бг 
| 15 | 13 
| 133 | 
| 107(81 | 
| 1(0. 795 | 

25(19%) | 

° L 








within single litters ranged from 10 per cent 
to 56 per cent. These variations in response 
to a uniform field of x-irradiation are prob- 
ably an indication of genetic (biologic) 
variability in radioresponsiveness. 

Since 10 r seemed to destroy some em- 
bryos prior to implantation, it became 
necessary to investigate even lower dose 
effects on the very early stages on a 
cytologic basis, and within hours of irra- 
diation. A total of 49 pregnancies, involv- 
ing 302 implantation sites comprises the 
cytologic data for Table п, revealing the 
effects of only & r x-rays delivered after 
fertilization of the egg but prior to the 
initial cleavage (at о. day). 

From the data of this table it appears 
that even 5 r will delay the first cleavage 
since the percentage of the controls in the 
2-cell stage was always statistically much 
higher than for the parallel x-irradiated 
embryos. Further, the cytologic study re- 
vealed that there was a considerable in- 
crease in the number of abnormal early 
stages, most evident 24 hours after expo- 
sure. This means that some fertilized eggs 
did not reveal the irradiation damage until 
the time of cleavage, since at 6 hours there 
were 6 per cent and at 24 hours there were 
20 per cent abnormals. In another group 
of pregnancies, which were exposed to 5 Sr, 
an analysis of some 80 implantation sites 
at 18.5 days gestation showed an increase 
of 14.3 per cent in the resorptions over 
the controls. Thus, with pre-implantation 
death plus the post-implantation death 
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Taere II 


EFFECT OF 5 RADS EXPOSURE OF THE MOUSE EMBRYO AT O.5 DAYS POST CONCEPTION 

















Condition Mice Pregnancies Embryos 1-Cell Stage  2-Celll Stage Abnormals 
o.5 Days (Controls Io 66 56(85%) 10(1590ў o 
6 Hears x-rayed 14 89 84(94%) От, 5(6%) 
cs Controls 14 78 11 (1495) 65(83%) 2(2.5%) 
24 Hours (х-гауей II 69 21(30%) 34(50%) 14(20%) 





with resorption, there is considerable loss 
of embryos prior to neurogenesis, even at 
low levels of exposure. 

The cytologic data cannot be statistical, 
and it must be admitted that occasionally 
there are disintegrating early embryos 
even among the controls. However, the 
high (20 per cent) early disintegrations of 
mouse embryos following 5 r as seen in 
sections of whole oviducts and uteri 
strongly suggest that radiations may be 
the causal factor. The most frequently ob- 
served anomaly is fragmentation or dis- 
integration of the fertilized egg, or early 
cleavage stage. The pinched-off fragments 
of cytoplasm may or may not contain the 
male or the female pronuclei. In those cases 
where the pronuclei remain in the reduced 
cytoplasm of the fertilized egg, it 1s be- 
lieved that the resultant fetus would be 
stunted. Such a finding would be expected 
from comparable extirpations in experi- 
mental embryology with poikilothermic 
forms. However, where the two pronuclei 
are discarded in the extruded cytoplasm, 
the remaining cytoplasmic (enucleated) 
mass could not be expected to survive. 
Other effects on these early stages include 
swollen, indistinct, or even pyknotic nu- 
clei; hyperchromatic or unevenly staining 
cytoplasm suggesting some denaturation 
processes and phase degeneration; vacuo- 
hzation of the cytoplasm; separation of 
blastomeres; and, in mitotic figures, lag- 
ging and "sticky" chromosomes. 

When embryos in the 2-cell stage are 
exposed to 15 r and examined at the time 


of expected implantation, at 4.5 days, 
some will give evidence of radiation dam- 
age in the form of cell vacuolization; giant 
cells with extra sets of chromosomes; un- 
even cell growth; dissociation of cells; and 
some cases of complete disintegration of 
the embryo. Confirmation of these cyto- 
logic effects may be in the lowering of the 
expected total litter size or implantation 
sites, when large numbers of pregnancies 
are considered. The fact that these cyto- 
logic effects are demonstrable in material 
prepared in exactly the same manner as 
the controls suggests that such a low level 
of exposure as 5 ог 15 г can destroy some 
mammalian embryos in the very earliest 
stages of development. 


DISCUSSION 


The term “low dose" of ionizing radia- 
tion has different connotations in different 
disciplines. To the therapist it might mean 
200 r, to the Civil Defense authority it 
might be со г, to a histologist it could be 
less than 22 r since at that level half of the 
exposed spermatogonia are destroyed (Rus- 
sell, Russell, and Oakberg,!® 1958); to a 
hematologist it-could be 12 r which causes 
a mild lymphopenia in 2 hours; to the 
diagnostician it might be 1-5 r; or to a 
geneticist it might be a single ionization 
believed to be sufficient to cause a muta- 
tion. The embryonic LD; is currently be- 
ing established, but it is safe to predict that 
there may be at least a ten-fold difference 
between the early stages in development 
and the fetus just before delivery. Thus, 
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PLATE 1 


Fic. т. Typical brain hernia, exencephaly, showing protrusion of mesencephalon through the cranial roof. 


(Explanation completed on facing page) 
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“low dose" must also consider the target 
object. If exencephaly can be produced at 
all in an embryo exposed to 15 r, it is a 
question as to whether such a dose may 
justifiably be called “low” for embryos. 

Even with adult organisms the concept 
of a low dose may be further revised down- 
ward. Recently, Dr. Dorothea Miller of 
Chicago found, rather by accident, that a 
certain cross of hybrid mice normally have 
audiogenic seizures which may be brought 
on or accentuated by exposures to gamma 
rays totaling only 1.2 rads at 24 mrads 
/hour for an 8-hour day for a one-week 
period. Electroretinograms reveal damage 
to embryos when the eyes are not grossly 
suspect (Noell, unpublished). An exposure 
of 15 r to rat embryos at 1.5 days post con- 
ception caused effects on their subsequent 
learning capacity, and the females were 
more affected than the males (Kaplan, 
unpublished). Thus, it should not be sur- 
prising that 5 rads has an effect on the 
mouse embryo, particularly in its early 
stages. 

When irradiated fetuses are regarded as 
“normal” because they do not reveal any 
gross anomaly, such as exencephaly, we 
are stretching the limits of the word. There 
is reason to believe that every member of a 
litter is similarly exposed to ionizing radia- 
tions when the source is penetrating, high 
voltage, filtered x-radiation. However, 
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there are variations in response within 
any litter, and this would be expected in 
any biologic experiment where genetic 
variables are involved. Thus, a litter mate 
next in the uterus to one with exencephaly, 
might survive and appéar “normal” by 
any gross analysis. However, it has been 
shown that most of these individuals are 
reduced in size, stunted to a degree, in- 
dicating some deficiency during develop- 
ment. Such deficiencies are expressed as 
abnormal, reduced (microphthalmic), or 
absence of eyes, microcephalia, anence- 
phalia, deformed appendages, etc. Cur- 
rently there are five independent: but cor- 


.related studies being made on low dose ef- 


fects on the early embryo, studies which 
are neither histo- or cytologic. They in- 
clude electroencephalography, electroret- 
inography, psychologic behavior tests, fer- 
tility tests and long term sequelae. While a 
person with an I.Q. of 80 or 170 might be 
considered normal, the difference between 
these extremes could be the result of some 
congenital insult such as by x-irradiation. 
Thus, we are striving to determine whether 
in fact a threshold of x-irradiation exists 
for the embryo beyond which even func- 
tional tests would be negative. 

Russell (1950-1957) stated that if the 
mouse embryo is exposed to 200 r prior to 
implantation (i.e., at 4.5 days) there is an 
increase in the prenatal mortality but that 











This can be produced by x-irradiating the germ cells of the male or female before mating, or by direct 
exposure of the embryo at any time prior to the completion of neurogenesis. 

Fic. 2. Entire litter as seen in bicornuate uterus, showing 5 exencephalies in litter of 11, following exposure 
to high level of 150 r at 8.5 days gestation, during neurogenesis. Congenital anomaly similar to that in 


Figure 1. 


Fic. 3. Normal mouse egg at moment of fertilization, showing sperm head penetrating the cortex. Period 


of maximum radiation sensitivity. 


Fic. 4. Exposure to 5 гає time comparable to that in Figure 3 showing fragmentation of the egg. Note re- 
maining cytoplasm with male and female pronuclei apparently intact. Embryonic protoplasm reduced. 

Fio. 5. Fertilized egg exposed to 5 г at stage comparable to that in Figure 3. Note both male and female 
pronuclei being everted. This would leave a nonviable mass of protoplasma. 

Fro. 6. Fragmentation of egg due to 15 r at stage comparable to that in Figure 3. The embryo could hardly 


survive this extent of damage. 


Fic. 7. Four-cell stage following 15 r at stage comparable to that in Figure 5 showing lagging chromosomes 
of mitotic figure in upper right blastomere two days after irradiation. 

Fio. 8. Three members of litter which had been exposed to 15 г at 1.5 days, or at stage comparable to that 
in Figure 9, Plate п. Note exencephaly of middle fetus. Others slightly stunted. 
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PLATE И 


Fic. 9. Normal mouse embryos (3) at the 1- and 2-cell stages showing normal nuclei and clear cell boundaries. 

Vic. 10. Normal mouse embryo at moment of implantation at 4.5 days post conception, also a radiosensitive 
stage. 

Fic. 11. Embryo x-rayed at stage comparable to that in Figure 9, with 15 r, showing enlarged cell with large 
vacuole (arrow). 

Pic, 12. Embryo similar to that in Figure 11 but showing giant cell with extra chromosomes (arrow). 

Fic. 15. Result of x-irradiation with 15 rat 1.5 days, or stage comparable to that in Figure 9. This should 
have the appearance of Figure то but note necrotic and discarded cells within the blastocoelic cavity. If 
this could survive, it would be seriously deficient in cells. 

Fic. 14. Mouse embryo x-raved at the 2-cell stage with 15 rand seen at 4.5 days when it should be implanting, 
as in Figure 10 above. Note pyknotic nucleus of extruded cell within blastocoel, as well as in blastodisc. 
Such an embryo might survive but would be deficient in cellular elements. 
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100 per cent of those which survive im- 
plantation are "normal" with respect to 
their external characters. Otis and Brent 
(1952) confirmed these findings. However, 
Rugh and Grupp (1959, 1960) found that 
exposure prior to organogenesis caused 
mouse embryos to be stunted though 
usually they were topographically normal. 
This means that the irradiation-damaged 
cells were phagocytized or discarded, leav- 
ing enough undifferentiated cells for the 
embryo to reconstitute a topographically 
well balanced, but reduced, individual. 
Hicks'?? described the effects of x-irradia- 
tion on the rat embryo as causing defi- 
ciences, deletions, extirpations, and death 
of cells, so that embryos were all lacking 
in certain central nervous system requisites. 
The effects were never the same on litter 
mates simultaneously exposed, but the 
common denominator was cell loss. This 
necrosis of the developing cells resulting in 
reduced development of the central nervous 
system was first described for the develop- 
ing amphibian in 1949, 1950 and 1953, and 
particularly for the retina in 1955 and 
1956 by Rugh. Neuroblasts are particu- 
larly radiosensitive and the embryo has 
abundant neuroblasts evén until after 
birth. 

After neurogenesis is completed, con- 
genital anomalies of the central nervous 
system cannot be caused by x-irradiation. 
During neurogenesis the abundant neuro- 
blasts are radiovulnerable so that a high 
percentage of anomalies can be produced, 
but with relatively high levels of x-irradia- 
tion. However, when the 1- or 2-cell 
embryo is exposed, and a single cell is 
damaged, it constitutes all or half of the 
precursors of all of the cells of the future 
fetus, so that the effects are more inclusive. 
If the radiation-damaged blastomere of the 
2-cell stage is discarded, the remaining cell 
could presumably give rise to a complete, 
but much reduced fetus. The earlier 
workers, using 209 r, must have killed off 
the vast majority of early embryos, so that 
survivors with congenital anomalies were 
not found. Thus, it seems that high doses 
which kill may be better for the race than 
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low doses which maim and allow the sur- 
vival of the resultant congenital anomalies. 
Current studies are in progress to deter- 
mine whether low level exposures of the 
embryo at any stage wil] affect its subse- 
quent fertility. While congenital anomalies 
caused by x-irradiatidn® during develop- 
ment cannot be inherited, the simultaneous 
exposure of the developing gonads could 
well have genetic sequelae which should be 
investigated. 


SUMMARY AND CONCLUSIONS 


I. The newly. fertilized egg of the mouse 
or the 1—2 cell stage (at 24 hours) has been 
x-irradiated to low levels of 5 and 15 r, and 
the embryos and fetuses examined for 
sequelae. · 

2. While it is believed that every early 
embryo subjected to x-rays is damaged to 
some extent, the percentage of the “ap- 
parently normals” following 5 r and 15 r 
at these early stages was reduced only to 
88 per cent and 81 per cent, respectively. 

3. The percentage of early deaths and 
resorptions was increased over the con- 
trols (of 5.7 per cent) to 19 per cent among 
those irradiated before cleavage and to 9 
per cent among those irradiated during the 
first cleavage. 

4. Exencephaly, or brain hernia, which is 
a severe central nervous system соп- 
genital anomaly caused, among other 
traumatic conditions, by x-irradiation prior 
to the completion of neurogenesis, was also 
found following only 15 г at both 0.5 and 
I.5 days post conception. Thus, this 
anomaly can be caused by x-irradiation 
long before any neuroblasts are present, 
and, in fact, before cleavage so that the 
so-called “critical period" for central nerv- 
ous system anomalies must extend back 
to fertilization. These particular anomalies 
cannot be produced by x-irradiation after 
10.5 days in the mouse, which corresponds 
to about 4 to 5 weeks for the human em- 
bryo. 

5. Even after 5 г exposure there was 
some evidence of delay in the early cleav- 
ages, and an increase in the percentage of 
early abnormals, cytologically determined, 
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6. Some of the cytologie effects of X-rays 


on the early embryo were: fragmentation, 
separation of blastomeres, elimination of 
protoplasm as blebs, elimination of one or 
both pronuclei, spyknosis of the nuclei, 
swelling, vacuolization, hy perchromaticity, 
and staining evidence. of phase degenera- 
tion. 


No threshold level of x-irradiation has 


been determined for central nervous system 
congenital anomalies of the very early 
mouse embryo. Since exposures of 5 г can 
cause severe anomalies among the sur- 
vivors, even lower levels of exposure are 
currently under investigation. 
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THE INFLUENCE OF THE TIME FACTOR ON THE 
DOSE-RESPONSE CURVE* 


By LUCILLE A. Du SAULT 
DETROIT, MICHIGAN °. 


[Te are many examples in the lit- 
erature of dose-response curves for 
radiation administered in a single session, 
usually shown as sigmoids against either 
dose or log dose, but there are none for the 
usual clinical technique of multiple daily 
treatments. In practice, radiotherapists 
have tacitly assumed that both the shape 
and slope of the response curve, whether 
for therapy of tumor or for tolerance of nor- 
mal tissue, are unchanged as the number 
of treatments is increased from one to 
many. In comparing doses given in different 
over-all times, it is the custom to draw a 
line through one of the doses parallel to an 
appropriate time-dose line drawn on log- 
log paper and judge the relative value of 
the second dose according to its position 
with respect to this line. If it lies above the 
line, the conclusion is that it should result 
in correspondingly greater effect than the 
first dose; if below, in less. It has been 
pointed out in an earlier publication? that 
this procedure is valid only if the dose- 
response curves for the two over-all times 
are parallel curves against log dose. This 
has not been demonstrated. 

Equally missing is information about the 
effect on the dose-response curve of another 
aspect of the time factor; namely, frac- 
tionation, by which is meant the number of 
treatments into which the total dose in an 
over-all time is broken. Thus it involves the 
size of the treatment dose 1n relation to the 
interval between treatments. All the time- 
dose lines based on clinical material which 
have been determined to date are for so- 
called “daily” treatment. While there is 
evidence from the experimental laboratory 
that fewer and larger treatments might be 
more effective," therapists are reluctant 


to abandon techniques with—as a result of: 
long experience—predictable results, in 
favor of a new technique about which there 
is no clinical information. In other words, 
the information is qualitative only, and 
without quantitative relationships it is im- 
possible to convert doses from one tech- 
nique to another, or to compare doses given 
under different time conditions. 

In 1956 a study was begun to provide in- 
formation about the dose-response curve 
for variations in fractionation and over-all 
time which would be comparable to those 
used clinically. 


MATERIAL AND METHOD 


'The test object chosen was spontaneous 
mammary adenocarcinoma in C,H mice. 
The mice were received from the Roscoe B. 
Jackson Memorial Laboratory in Bar 
Harbor, Maine, in lots of about 10 per 
week. They were between 8 and 10 months 
of age and bore spontaneous tumors on 
arrival. Groups of four were housed in 
stainless steel cages with cedar or pine 
shavings as bedding. They were fed Purina 
laboratory chow and had access to water at 
al times. The cages were cleaned three 
times a week and autoclaved when the last 
occupant died. In the latter part of the ex- 
periment, the animal room was air-condi- 
tioned and the food kept off the bottom of 
the cage by wire hoppers. Mice were al- 
lowed a few days after arrival to become 
accustomed to their new environment be- 
fore starting treatment. 

No tumors outside the arbitrary limits 
of 8 to 20 mm. in diameter were treated. 
Larger tumors had so little possibility of 
being cured that they did not constitute a 
good test of technique. Smaller tumors usu- 
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ally disappeared early in the treatment 
series and it was difficult to be certain that 
any remaining tumor cells were included in 
the treatment field, particularly because of 
the ease with which a tumor can be moved 
over the surface of the mouse’s body to a 
new position. Furthermore, small сузїз oc- 
cur occasionally in these mice and might be 
treated by mistake as a tumor, since all 
tumors were not biopsied before treatment. 
Of 200 biopsied, however, only 2 were not 
reported adenocarcinoma, so any error re- 
sulting from lack of biopsies should be 
negligible, particularly since cysts should 
be recognized during a long follow-up pe- 
riod. 

In the early part of the experiment, a 
treatment plan was assigned to a mouse by 
choosing one from among a group of shuf- 
fled cards held face down. Later it was dis- 
covered that in spite of this attempt at 
randomization the tumor sizes were not 
distributed with satisfactory uniformity 
among the various treatment groups in 
view of the extremely important influence 
of tumor size in determining outcome of 
treatment. Therefore, during the last year 
of the experiment the treatment cards were 
divided into three groups according to 
tumor size and treatment for a mouse was 
chosen from the appropriate group after 
measurement of the tumor. 

The hair was clipped over the tumor to 
aid in accuracy of measurement and of set- 
up. The tumors were measured by fitting 
them to a series of holes in stiff paper. The 
mouse was immobilized for treatment by 
wrapping it in wire mesh which was cut 
away over the tumor; a leg was brought 
through this opening and taped to the 
mesh. The treatment field allowed a $ mm. 
margin around the tumor; the lead shield 
around this covered the entire mouse, 
which was supported bv a cardboard car- 
ton. 

The experiment was begun with an old 
therapy machine run at 190 kvp., 20 ma., 
0.25 mm. Cu plus т mm. Al filter, 20 ст. 
distance, half-value laver c.7; mm. Cu. Mid- 
way through the experiment this had to be 
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replaced, and the remainder of the work 
was done with a machine run at 220 kvp., 
20 ma., 0.25 mm. Cu plus т mm. Al filter, 
20 cm. distance, half-value layer 0.8 mm. 
Cu. The tube was calibrated once a week 
with a Victoreen condenser r-meter; a mon- 
itor chamber checked constancy of output 
during treatment. The dose rates were 6 to 
9 r/sec. (Air doses are given throughout 
this report.) 

All treatment plans were repeated dur- 
ing the entire five year period of the experi- 
ment in an attempt to minimize the influ- 
ence of such variables as skill of handling 
the mice, dosage errors from calibration or 
set-up, change in mouse or tumor, housing 
conditions, etc. 

After completion of treatment the mice 
were examined once a week until their 
deaths. Notes were made of reactions, 
tumor sizes, and any other observations 
considered pertinent, both during treat- 
ment and throughout the follow-up period. 
As a rule, mice were allowed to live until 
natural death, but occasionally when tu- 
mors grew very large and/or mice were in 
very poor condition, they were killed with 
ether. This was never done when the 
treated tumor was thought to be cured, but 
only when the growing tumor gave certain 
evidence that the treatment had failed. 
The follow-up period ranged from a few 
days to 223 davs after completion of treat- 
ment, the median being 36 days. The short 
follow-up on some of the mice was a cause 
of concern, although it was noted that 
some tumors palpable at the conclusion of 
the treatment series later disappeared, 
while some which could not be detected at 
this time later recurred. Since there were 56 
of the former and 58 of the latter scattered 
throughout the treatment plans, it was 
thought that this would probably average 
out. 

During the five vear period from Janu- 
ary, 1956, to December, 1960, a total of 
1,458 mice was treated for this study. Of 
these, 28 per cent died during the first three 
weeks of treatment and an additional 8 per 
cent during the fourth week of the 25-day 
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group. In 96 mice it was impossible to be 
certain whether the tumor was present or 
not at the last examination; these were 
called indeterminate and dropped from the 
analysis. Finally, 9 mice were dropped by 
the statistician because they were in 
groups too small to be used. This left 828 
mice on which results of treatment could 
be evaluated. 


RESULTS 


A cumulative normal distribution curve 
becomes a straight line when plotted on 
probability paper. This makes the data 
easier to handle and results are presented 
in this form. The question then was 
whether to use dose or log dose as the 
abscissa. Time-dose curves in clinical use 
are based on log dose and it is the slope of 
the curve under these conditions which is 
of interest, so log dose was used. Actually, 
it makes little difference which unit is used, 
except near the extremes of the sigmoid. 

The results of the experiment were an- 
alyzed, using a modified probit analysis. 
First, the cure rates were corrected for tu- 
mor.size distribution. Then, the straight 
line best fitting the experimental points 
was obtained by the method of least 
squares. Figure 1 shows the dose-response 
curves obtained for the six techniques 
studied; namely, treatment two, three, or 
five times a week to 18 days or to 25 days. 
Tumor control means complete and per- 
manent disappearance of the tumor, as de- 
termined by palpation. It proved impossi- 
ble, or at least impractical, to obtain com- 
plete dose-response curves from o to тоо 
per cent because of the high mortality 
among the mice when the doses were ex- 
tremely high, aside from the fact that su- 
pralethal effect might be expected. However, 
a range of response broad enough to answer 
the questions raised was achieved. 

For each technique, the slope of the 
straight line in an over-all time of 18 days 
was compared with the same fractionation 
carried to 25 days. The probabilities of find- 
ing the differences of slope resulting from 
this experiment if the total population 


The Dose-Response Curve 569 


% TUMOR CONTROL 
n Hi b НН 
Ша 


чүнүн + 


25 Days HUP: 




































































15 (ЇЇ 
See a ЕЕЕ И [ Я 
ШЖ Aire e sn es ИЙИ Ls ee Ed LLL 

4 56 8 10 4 86 8B 10 
TOTAL DOSE 
(Thousand r) 


S 18x wk daily" f?33xwk 27}2x-wk. 

















Fie. т. Рег cent tumor control among those mice 
completing the treatment plan begun by them. 
Cure rates have been corrected for tumor size 
distribution. Equations for the lines for daily 
treatment are: 


у 6.9624 x— 1.9336 (18 days) 
у 26.9624 x—2.3610 (25 days) 


where х =]ор (total dose/1,000); y = transformed 
cure rate. 
Cure rate is transformed to z by 


ет 
r= f — e~(F 4; 
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z is transformed to y by y =z+5 


would yield parallel lines are o.15, 0.48, 
and 0.76, respectively, for treatment two, 
three, and five times a week. The differ- 
ences are not statistically significant and 
the conclusion that over-all time does not 
change the slope of the dose-response curve 
within the limits used here would seem to 
be justified. The only effect of increasing 
the over-all time is a shift of the curve 
along an axis. It follows that isoeffect lines 
on log-log paper like those in common use 
in clinical radiation therapy departments 
should be parallel for all response levels be- 
low supralethal effect within reasonable 
limits of over-all time. The procedure de-. 
scribed earlier for comparing doses given in 
different over-all times is, therefore, valid. 

Since the differences between slopes for 
the two over-all times were not significant, 
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the slope shown in Figure 1 is the pooled 
slope for daily treatment. From these 
curves the time-dose line for any specified 
cure rate of these mouse tumors can be 
drawn. For daily treatment the slope of this 
line is 0.43, that found for human adeno- 
carcinoma is 0.33? The slope of the time- 
dose line for isoeffect is a measure of recov- 
ery, and there would seem to be no reason 
to expect that adenocarcinoma, or any 
other cell type for that matter, would nec- 
essarily show the same recovery in mice as 
in humans. Indeed, Berg and Lindgren? 
found a slope of 0.33 for skin tolerance in 
rabbits, compared to 0.27 found for human 
skin. Recovery from whole body irradia- 
tion has also been shown to vary from spe- 
cies to species." Since the slope determined 
in the present experiment is based on only 
two points, no statistical test can be made 
of its reliability. It is presented here as a 
tentative slope only, requiring corrobora- 
tion or correction. 

If the technique of treatment were twice 
a week instead of daily, these dose-response 
curves would yield a time-dose line with a 
lower slope, but the fit of the experimental 
points 1s not good enough in this case to 
warrant its quantitative determination. 
We can say, however, that the advantage 
of protraction is increased when treatment 
is twice a week instead of dailv. To put it 
converselv, if treatment is protracted, the 
advantage of using fewer and larger treat- 
ment doses is even greater than when the 
over-all time is short. 

The data were next examined to deter- 
mine what effect a change in fractionation 
has on the dose-response curve. Referring 
again to Figure 1, obviously here also there 
is a shift of the curve along an axis, fewer 
and larger treatments requiring a smaller 
total dose to reach a given cure rate than 
many smaller treatments. The differences 
in slopes between the curves for treatment 
five times a week and for twice a week are 
not significant, the probabilities of obtain- 
ing them by chance being 0.16 and 0.73. 
Again we may conclude that these curves 
are also parallel. The curve for treatment 
three times a week vields ambiguous re- 
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sults. In two instances the differences are 
significant (p=0.03 and 0.05) and in two 
they are not (p=0.34 and 0.67). Further- 
more, the points seem to lie on a curved line 
in this instance, not on the straight line 
htting the other techniques. A statistical 
test for curvature, however, did not result 
in significance, and these data, therefore, 
do not warrant the conclusion that the rela- 
tionship is a curve for these coordinates. 
The failure to demonstrate this may be 
due to the fact that the data do not extend 
to low enough dose and response levels. To 
accomplish this, however, would require 
such very large numbers of mice that the 
time and work involved make it almost pro- 
hibitive. This same fact may also explain 
the ambiguous results of the test for paral- 
lelism, the result depending on the level 
reached. 

In the last months of this experiment ad- 
ditional information came to light on this 
subject. Barth, Boehmer, and Wachsmann! 
transplanted ascitic fluid from the abdo- 
mens of mice bearing Ehrlich’s carcinoma 
to the tails of other mice. These transplants 
were irradiated, using different fractiona- 
tion techniques. Total doses were adjusted 
to give the same skin reactions, based on 
results obtained in an experiment on 
tolerance of pigs’ skin. A reduction of 15 
per cent for treatment every other day and 
of 25 per cent for treatment every third day 
was made from the dose used with daily 
treatment. Over-all time was essentially 
constant, so the interval between treat- 
ments increased with the size of the treat- 
ment dose, as in the present experiment. In 
spite of the unequal total doses, tumor re- 
sponse was greater for 340 r or for 425 r 
every 48 hours than for treatment daily or 
every third day. It is at these dose levels 
that the optimum appears in Figure 1, al- 
though it disappears at higher doses. The 
two experiments are not onlv in agreement, 
but a differential effect has been demon- 
strated, increased tumor response being 
shown for equal skin reactions. 

The explanation for these results is not 
clear. A change in the shape of the dose- 
response curve would indicate a change in 
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the mechanisms bringing about the re- 
sponse. Early in the experiment when the 
progressive deviation of the line for treat- 
ment three times a week from that for daily 
treatment was noticed, it was reported.* At 
that time it was suggested that the differ- 
ences might be due to variations in radio- 
sensitivity of the tumor cells at different 
times after irradiation, resulting from 
differences in mitotic activity. The German 
workers, also, suggest that their results 
could be due to the fact that mitotic activ- 
ity in their tumor is at a maximum 48 
hours after irradiation, according to 
Luther. The latter, however, used doses of 
1,000 rand the larger the dose, the later the 
maximum, as shown in Figure 2* for the 
C,H mammary adenocarcinomas. They 
probably did not have a maximum for their 
lower doses. It is possible that mitotic 
activity is the correct explanation, but 
neither experiment proves this. 

There are many other experiments which 
show a cyclic variation in response to radia- 
tion with increasing interval between doses. 
These seem to fall into two groups, those 
involving intervals of hours and those with 
intervals of days: Lethality of mice to whole 
body irradiation® and chromosome break- 
age! showed minimum dose-response at $ 
and 4 hours, respectively. Lymphoid tumor 
development i in mice was a maximum for 
irradiation at intervals of 4 to 8 days, al- 
though no variation in terms of days was 
found for mortality.5 Other examples could 
be cited, but these suffice to make the point 
that there seem to be two types of cyclic 
variation in dose-response. It is suggested 
that one may be due to variations in radio- 
sensitivity of the cells themselves during 
the recovery phase, as shown in Elkind’s® 
work on cells in culture, and the other, per- 
haps including the present example, may be 
due to the tumor bed, and is seen in vivo. As 
Koller !? and others have described the part 
played by the tumor bed in determining 
radiation effect, part of the action of radia- 
tion on the tumor is brought about through 


* These curves were determined by Dr. John W. Budd, pathol- 
ogist at Hollywood-Presbyterian Hospital, Los Angeles, Cali- 
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Fic. 2. Number of tumor cells seen in mitosis during 
a three minute counting period at various times 
after radiation doses of 400 r and 667 r. 


an indirect action excited in the tumor bed 
or host.” When the treatment dose is too 
large, this action is suppressed. When the 
interval between doses is too short, its 
operation is curtailed, and, when it is too 
long, cell replacement cancels its effect. 
This would explain the curved line, the 
technique becoming an optimum only when 
the proper balance between size of treat- 
ment dose and length of treatment interval 
is attained. 

There is nothing in this theory to imply 
that an optimum can occur only for 48-hour 
intervals; the proper balance should be at- 
tainable for other intervals. Examination of 
the data in Figure 1 shows that a similar 
curve is suggested by the points for treat- 
ment twice a week to 25 days. Again, failure 
to demonstrate it conclusively may be due 
to the lack of very low dose-response levels. 
Garcia’s® data on carcinoma of the cervix 
show a change in slope for very long over- 
all times where the treatment dose becomes 
small in relation to the 24-hour interval be- 
tween treatments. 

The remainder of the results presented 
here can be explained, qualitatively at 
least, in terms of size of treatment dose. 
The influence of this factor is shown most 
clearly in the experiments on mammalian 
cells in culture, those of Elkind,’ for ex- 
ample. He has shown that, except for low 
doses, survival of cells іл vitro decreases ex- 
ponentially with size of dose. The effect of a 
second dose varies with the interval if given 
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during the first few hours, but for a dose 
given between 12 and 30 hours after the 
first one, the effect of the first dose is re- 
peated. After 30 hours replacement of cells 
begins, and the effect is less. Thus, for 
treatment with intervals of 12 hours or 
more, the effect ‘is’ greater the larger the 
treatment dose, providing the interval is 
not long enough for replacement to over- 
come the influence of dose size. Applying 
this to the results shown in Figure 1, we see 
that for the larger treatment doses used in 
treating twice a week to the same total dose 
in the same over-all time the effect is 
greater than for daily treatment with small 
treatment doses. Treatment to the same 
total dose with the same intervals requires 
larger doses when the over-all time is 18 
days than when it is 25 days, again with 
greater effect. Thus, both fractionation and 
protraction effects are explained qualita- 
tively. 

The present experiment gives data which 
enable a test to be made of whether this 
concept can explain results quantitatively, 
as well. Working back from values for re- 
sponse to total dose, the relative average 
“survival” from a single treatment dose 
was calculated from the results of applying 
this dose daily to 18 or to 25 days. A differ- 
ence—small, as would be expected for this 
small difference in over-all time--is ob- 
tained from the two sets of data. Figure 3 
shows that the effect of each treatment is 
not constant throughout the series, but be- 
comes greater as the number of treatments 
increases. In other words, the dose effect is 
not repeated indefinitely. Any one of a 
number of possibilities, or combinations of 
them, may be the explanation. With re- 
peated injury recovery may be incomplete, 
mitotic delay may be prolonged, and re- 
placement may be less at the cell level. 
With a tumor im vivo, it seems probable 
that as the tumor shrinks during the treat- 
ment series, initially anoxic areas may im- 
prove their oxygen supply and become 
radiosensitive. This latter may be another 
advantage of protraction besides the differ- 
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Fic. 3. Relative average "survival" of tumor for 
various single doses of radiation, calculated back 
from final cure rates. The average effect of each 
dose carried to 25 days is slightly greater than 
when carried to 18 days. This indicates that the 
lethal effect of each dose increases with repetition. 


ence in slope of the time-dose lines for 
tumor and normal tissues. 

When the data for treatment twice a 
week are examined, even greater differences 
in single dose effect are obtained, but again 
it seems best not to attempt a quantitative 
evaluation of this. This is consistent with 
the suggested oxygen-effect explanation 
since on the average the tumor size 1s 
smaller at each treatment time in this 
technique than for the same initial tumor 
size treated daily. 


SUMMARY 


Dose-response curves for cure of spon- 
taneous mammary adenocarcinomas in 
СН mice by radiation maintain their slope 
for over-all times of 18 days and 25 days, 
and also for fractions given daily, three 
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times a week, and twice a week. Cure rates 
can be explained qualitatively in terms of 
treatment dose size, but quantitative ex- 
amination shows that a given treatment 
dose becomes more effective with repeti- 
tion. Among other possible explanations 
for this, the oxygen effect is suggested. 

A possible optimum occurs for small 
treatment doses given three times a week. 


Henry Ford Hospital 
Detroit, Michigan 
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N HIS first papers describing the use of 

the half-value layer as a means of 
specifying "beam quality,” Christen men- 
tioned the use of the second half-value 
layer as a further means of describing the 
x-ray beam. He defined the second half- 
value laver as the absorber thickness re- 
quired to reduce the dose rate from ṣo per 
cent to 25 per cent of 175 initial value. In 
these same papers, Christen referred to the 
"index of heterogeneity" which he defined 
as the ratio of the second half-value layer 
to the first half-value laver. 

In 1936, Thoraeus!? proposed a method 
whereby the voltage and filtration would 
be adjusted to provide а spectrum having 
a specified band-width expressed in oc- 
taves. For most of the voltages and filters 
then in use the band-width would have 
been between 2 and 3 octaves. 

Although the first ha/f-value laver has 


been used for many vears as the means of 


describing beam quality, the second half- 
value laver and Christen's idea of an index 
of heterogeneity seem to have received 
little attention. This was probably due to 
the fact that the practice of roentgen ther- 
apy evolved around a few selected kilo- 
voltages and filters. Until the early 1930's 


roentgen therapy, in general, made use of 


three beam qualities often referred to as 
superficial, medium, and deep. The super- 
ficial quality usually called for the use of 
тоо kv. and filters of о. to 2 or 3 mm. of 
aluminum. The ied. quality beam was 
arrived at by using 135 to 140 kv. and a 
filter of 0.25 mm. copper plus т.о mm. 
aluminum. Deep therapy made use of 185 
to 200 kv. and a filter of о.5 mm. copper 
plus 1.0 mm. aluminum. The second half- 
value laver did not receive much attention, 
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for although Christen had in mind its use in 
roentgenographv, the use of the first half- 
value laver was quickly lost in roentgenog- 
raphy but was applied to therapy. The 
filters that were used at the three voltages 
represented about as much filtration as 
could be used without reducing what was 
then called the beam intensitv below a 
usable value. This was due to tube current 
limitations. As operating voltages and 
tube currents increased with improve- 
ments in roentgen-ray tubes and energiz- 
ing equipment, there was some tendency 
to increase filtration in the deep therapy 
range but there was still no very great need 
for describing these beams bv other than 
the first half-value laver. The result has 
been that the tables for depth dose, back- 
backscatter, ete., which the therapist has 
used have specified beam quality by 
means of the first half-value laver only. 

In recent vears, the increase in operat- 
ing kilovoltage from 200 to 220, 250, and 
lately to 300 kv. may have brought about 
the need for specifving more than the first 
halfvalue laver. For example, 200 kv. 
peak with о. mm. copper filtration will 
give a first half-value layer of approxi- 
mately 1.0 mm. copper. A first half-value 
laver of 1.0 mm. copper can be obtained by 
using 300 kv. peak and 0.25 mm. copper. 

Although the first halfvalue layer for 
these beams is the s same, there certainly is 
a difference in their spectral characteristics 
and to call attention to this fact, it would 
be necessary to document the kilovoltage 
or second half-value layer which would be 
quite different for the two conditions. The 
differences in these two beams could be 
described by stating the first and second 
half-value layer or could be described by 
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the first half-value layer and something 
like Christen’s “index of heterogeneity.” 

Taylor and Singer," in 1934, took cog- 
nizance of the need for additional informa- 
tion to describe the spectral distribution 
and advocated the use of the full attenua- 
tion curve. This is a very complete de- 
scription of the beam but one not easily 
reproduced in papers, tables, etc. In 1959, 
the International Commission on Radio- 
logical Units and Measurements” called 
attention to the matter and in its report 
discussed the, more complete description 
of radiation quality by making use of both 
the first and second half-value layer. It 
defined the homogeneity coefficient as the 
ratio of the first to the second half-value 
layer and the heterogeneity coefficient as 
the reciprocal of the homogeneity coef- 
ficient. The homogeneity coefficient is 
unity for a monochromatic beam, but is al- 
ways less than unity for a heterogeneous 
beam, the kind that is always used for 
roentgen therapy. In our laboratory, we 
thought it might be useful to explore the 
relation between the homogeneity coeffi- 
cient and some common treatment factors; 
namely, backscatter factor and percentage 
depth dose. During this study we paid par- 
ticular attention to the various mathe- 
matical methods that have been developed 
to compute spectral distribution since the 
accuracy of such spectra is directly related 
to the constants used to specify the beam 
quality. What follows is a result of these in- 
vestigations. The first part of our study 
will concern the radiotherapist. While the 
matter of calculation of spectra may not be 
of direct interest to the radiotherapist, it 
will certainly be of interest to the radiation 
physicists and to those involved in the 
calibration of instruments. 


EQUIPMENT AND INSTRUMENTATION 


The roentgen-ray source used for these 
investigations was a resonant transformer 
operating at a nominal frequency of 1,200 
cycles per second and using a grounded 
anode, beryllium window roentgen-ray 
tube. The equipment was capable of opera- 
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tion from 100 to 300 kv. peak at tube cur- 
rents up to 20 ma. Both tube current and 
kilovoltage were electronically stabilized, 
providing excellent short and long time re- 
producibility of data. In addition, both 
the tube current and kilovoltage signals 
were monitored by DC potentiometers 
having O.I per cent accuracy and о.о per 
cent reproducibility. 

Dose rate measurements were made us- 
ing a Townsend balance system with a o.1 
per cent potentiometer as the readout ele- 
ment and a DC amplifier as the null de- 
tector. A 25-r Victoreen ionization cham- 
ber was employed with the above system 
for making half-value layer measurements 
at half-value layers greater than 2 mm. 
aluminum. This was supplemented by 
Victoreen low energy ionization chambers 
and a thin-window extrapolation chamber 
for the measurement of half-value layers 
less than 2 mm. aluminum. 


HALF-VALUE LAYER AND HOMOGENEITY 
COEFFICIENT 


In its simplest form, the determination 
of the first and second half-value layers 
consists of plotting an attenuation curve 
using narrow beam attenuation data and 
graphically determining the thickness of 
absorber necessary to reduce the dose rate 
from 100 per cent to 50 per cent and from 
50 per cent to 25 per cent, #.¢., the first 
and second half-value layers. Figure 1 il- 
lustrates such a determination. In this case 
the first half-value layer is 0.65 mm. cop- 
per, the second half-value layer is 1.25 mm. 
copper, and the resulting homogeneity co- 
efficient is 0.52. The abbreviations 1 HVL 
and 2 HVL will be used throughout this 
text to represent the first and second half- 
value layers, respectively. 

First and second half-value layers were 
determined at 100, 140, 200, 250, and 300 
Ку. peak using filtration ranging from a 
minimum of 6 mm. of beryllium to a maxi- 
mum of 8 mm. of copper. Figure 2 shows 
the first and second half-value layer plotted 
as a function of filter thickness for 200 kv. 
peak. It will be noted that the second half- 
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value layer is always higher than the first 
half-value laver and that the two converge 
with increasing filter thickness. Figures 3 
and 4 show the first and second halt-value 
layers, respectively, for the techniques em- 
ployed in which Copper filtration was used. 
The first and second half-value lavers for 
the techniques employed in which alumi- 
num filtration was used are shown in Figures 
с and 6, respectively. The measured value 
of the first half-value laver, second half- 
value laver, and the homogeneity coef- 


ficient for some typical combinations of 


kilovoltage and filtration are listed in 
Table т. 

Values of the homogeneity coefficient 
were calculated from the half-value laver 
data. A plot of homogeneity coefficient 
against first half-value laver for copper 
filtration is shown in Figure 7. The end 
points for the curves represent the halt- 
value laver of the minimum wavelength 
radiation. The values of the first half-value 
laver, second half-value laver, and homo- 
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Vic. 1. Method for determining the first and 
second half-value layers. 
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VARIATION OF FIRST AND SECOND 
HALF-VALUE LAYERS WITH 
COPPER FILTER THICKNESS 
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Vic. 2. Variation of first and second half-value layers 
with copper filter thickness (200 kvp.). 


geneity coefficient were found to increase 
continuously as copper filtration was added 
at constant kilovoltage. 

Homogeneity coefficients for aluminum 
filtration are shown in Figure 8. А mini- 
mum value of the homogeneity. coefficient 
occurs at a first half-value layer of about 
0.3 mm. aluminum. Zieler has shown that 
there is also a maximum value of the 
homogeneity coefficient which occurs at 
values of filtration and kilovoltage lower 
than those involved in these experiments 
and that these anomalies can be accounted 
for by assuming the presence of charac- 
teristic radiation in the roentgen-ray beam. 
The presence of these maxima and minima 
would seem to limit the practical applica- 
tion of the homogeneity coefficient to 
beams having a first half-value laver 
greater than about 0.3 mm. aluminum. 

Using graphs relating kilovoltage, filtra- 
tion, first half-value layer and homogeneity 
coefficient for a given roentgen-ray gen- 
erator, it is possible to arrive at operating 
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VALUE OF THE FIRST HALF-VALUE LAYER, THE SECOND HALF-VALUE LAYER, AND THE HOMOGENEITY 
COEFFICIENT FOR SOME TYPICAL TREATMENT TECHNIQUES 











Homogeneity 


у Рел eee ү 7 

Kv. Peak Filter 1 HVL 2 HVL Сеа 

е E EEEL E а слала а зга а „мы ы сенен - 
100 1.0 mm. Al 1.50 mm. Al 2.91 mm. Al „2 
100 3.0 mm. Al 3.241 mm. Al 4.96 тт. Al ‚65 
140 0.25 mm. Cu, 1 mm. A 0.428 mm. Cu 0.728 mm. Cu .59 
200 о.5 mm. Cu, 1 mm. А 0.920 mm. Cu 1.545 mm. Cu ‚бо 
200 1.0 mm. Cu, т mm. А 1.291 mm. Cu 1.93 mm. Cu .67 
250 0.5 mm. Cu, 1 mm. А 1.163 тт. Cu 2.10 тт. Си .56 
250 1.0 mm. Cu, т mm. А 1.637; mm. Cu 2.55 mm. Cu .64 
250 3.0 mm. Cu, 1r mm. А 2.690 mm. Cu 3.28 mm. Cu .82 
300 1.0 mm. Cu, тї. Al 1.967 mm. Cu 3.12 mm. Cu .63 
300 2.0 mm. Cu, 1 mm. Al 2.710 mm. Cu 3.60 mm. Cu Ju 
300 4.0 mm. Cu, т mm. А 3 4.00 mm. Cu .86 


| 





techniques vielding the same first half- 
value layer and homogeneity coefficient for 
different types of equipment. It is possible, 
for instance, to obtain a first half-value 
laver of 0.4 mm. copper and a homogeneity 
coefficient of 0.6 on both constant poten- 


FIRST HALF-VALUE LAYER AS A FUNCTION 


OF COPPER FILTER THICKNESS 
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Fic. 3. First half-value layer as a function 
of copper filter thickness. 


.440 mm. Cu 





tial generators and self-rectifving equip- 
ment by selection of kilovoltage and filtra- 
tion. 

Table rt shows some combinations of 
kilovoltage and filtration which vield the 
same first half-value layer and homogeneity 
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Fic. 4. Second half-value layer as a function 
of copper filter thickness. 
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Fic. 5. First half-value layer as a function 
of aluminum filter thickness. 


coefficient for constant potential and pul- 
sating equipment. The 125 kv. point is taken 
from data by Taylor and Singer !? and the 
250 kv. point is taken from data by Somer- 
wil.? Pulsating data are derived from those 
presented above. 


POSSIBLE ERRORS IN DOSAGE 
'The principal shortcoming, if there is 
one, of the first half-value layer as the sole 
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COMPARISON OF OPERATING TECHNIQUES WHICH 
YIELD THE SAME FIRST HALF-VALUE LAYER 





AND HOMOGENEITY COEFFICIENT 
: - Total 
S 1 HVL Homogeneity Kv. a 
Generator (mm. Cu) Coefficient Peak гыт 
= ^^ (тт. Cu) 
Pulsating 0.4 о.б 130 0.28 
Constant 
Potential 0.4 о.б 120 0.34 
Pulsating 2.56 0.76 274 ыл 
Constant 
2.56 0.76 250 2.00 


Potential 
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Fic. 6. Second half-value layer as a function 
of aluminum filter thickness. 


measure of radiation quality would seem 
to be its inability to uniquely define the 
distribution of radiation within a treat- 
ment volume. Backscatter factor and per 
cent depth dose were therefore measured 
for many combinations of kilovoltage and 
filtration and the values obtained at a 
given first half-value laver were compared 
to determine what errors could possibly be 
incurred. 

Backscatter factors were measured using 
a field 10X10 cm. square at a distance of 
£o cm. from the focal spot. Mix D was used 
Irae отон з TT 
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Fic. 7. Homogeneity coefficient as a function of first 
half-value layer in copper. 


a 

















STE 
ot È 


























HOMOGENEITY COEFFICIENT, 








FIRST FALF-VALUE LAYER, MM А, 
LET EEBL T. 


ol оз ŁO 30 10 





Fic. 8. Homogeneity coefficient as a function of first 
half-value layer in aluminum. 


as the scattering material and the measure- 
ments were made using a thin wall ioniza- 
tion chamber and preamplifier previously 
described. The backscatter factor was 
measured at 100, 140, 200, 250, and 300 
kv. peak, using filters ranging from the 
inherent filtration of 6 mm. beryllium to 8 
mm. copper. The backscatter factors are 
shown plotted as a function of first half- 
value layer at each of the kilovoltages in 
Figure 9. Measurable differences were pres- 
ent at most radiation qualities with the 
greatest differences existing in the region 
around a first half-value layer of І mm. 
copper. In general, a higher backscatter 
factor results when a given first half-value 
layer is produced at a lower kilovoltage, or 
a higher homogeneity coefficient. This is 
not true, however, at the lower first half- 











Fic. 9. Backscatter factor as a function of 1 HVL. 
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TECHNIQUES USED TO OBTAIN A HALF-VALUE 
LAYER OF I.O MM. Cu ` 











| Homogeneity 
Ку. Peak Filter Coefficient 
140 1.35 mm. Cu, Imm. Al 77 
200 0.60 mm. Cu, 1 mm. Al .61 
250 , 0.36 mm. Cu, 1 тт. Al „42 
300 0.235 mm. Cu, т mm. Al ‚46 





value layer where the reverse tends to be 
true. 

The depth dose near the surface of the 
phantom was investigated using a water 
phantom since very thin and uniform 
thicknesses of Mix D proved difficult to 
fabricate. Using a 10X 10 cm. square field 
at 5o cm. from the focal spot, the depth 
dose was measured to a depth of 2 cm. for 
a first half-value layer of 1 mm. copper. 
The first half-value layer of 1 mm. copper 
was obtained at the combinations of kilo- 
voltage and filtration shown in Table ш. 

Figure то shows the percentage depth 
dose plotted as a function of depth for each 
of the above techniques. The total differ- 
ence in depth dose for the rather wide 
range of kilovoltages is only about 2 per 
cent when referred to the surface dose. The 
error in calculated depth dose becomes 
somewhat greater, however, when the 
backscatter factors of Figure 9 are used to 
determine the depth dose as a function of 
the air dose. Figure її shows a plot of 
depth dose per roentgen in air. While the 
extent to which the half-value layer fails to 
unambiguously define the depth dose as a 
result of changes in backscatter may be 
significant, the extremes of kilovoltage and 
filtration used in this study are rarely used 
in practice. 

In order to assess the uniqueness with 
which the per cent depth dose is defined by 
the first half-value layer at greater depths, 
the per cent depth dose was measured at a 
single depth for a field тохто cm. square 
at a So cm. distance. Figure 12 shows the 
percentage depth dose at a depth of 10 cm. 
for several kilovoltages using aluminum 
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Fic. то. Depth dose near the surface 
at 1 HVL of 1 mm. Cu. 


filters ranging in thickness from o {08 mm. 
to obtain first half-value layers from o.1 to 
9.2 mm. aluminum. The depth doses for the 
higher kilovoltages were higher throughout 
most of the range investigated, with the 
data converging to a negligible difference 
at a half-value layer of about 5 mm. alumi- 
num. Figure 13 shows a similar plot for 
copper filters. Differences in the per cent 
depth dose were small :hroughout most of 
the range with some divergence of data at 
a minimum filtration of 0.235 mm. copper 
plus т mm. aluminum. 


ABSORPTION ANALYSIS SPECTROMETRY 


In addition to its use as a means of speci- 
fying the treatment technique for the 
clinician, the half-value layer has some 
absolute significance to the physicist who 
may be interested in the spectral distribu- 
tion of the radiation. The mathematical 
process of absorption analysis originated by 
Silberstein in 1933 was constantly im- 
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Fic. 11. Depth dose per roentgen in air 
at 1 HVL of 1 mm. Cu. 


proved upon since it is based upon the fact 
that a precisely measured attenuation 
curve infers one and only one spectrum. 
The process of determining that spectrum is 
not an easy one and, in general, the accu- 
racy with which it is done depends upon the 
amount of good absorption data available 
and the amount of time spent in perform- 
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Fie. 12. Per cent depth dose at a depth of то cm. as 
a function of first half-value layer in aluminum. 
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PERCENT DEPTH DOSE AT A DEPTH CF IO СМ AS A 
FUNCTION OF FIRST HALF-VALUE LAYER IN COPPER 


50 GH FSD 
10110 CH FIELD 
40-3 40 
2 
а 
Н ЖҮР. 
= зоо 
зо] & 280 зо 
a 200 
Е 
& 
8 140 
тю ю 


FIRST HALF-VALUE LAYER, MM CU 
10 —À Мы НЕН БЕН ПЕ ЭГЕ 


oj os to зо ю 





Fic. 13. Per cent depth dose at a depth of 10 cm. as 
a function of first half-value layer in copper. 


ing the analysis. Historically, the process 
has developed from a simple one involving 
a small number of undetermined constants 
to a more complex one involving a large 
number of undetermined constants. The re- 
quirements placed on the absorption data 
have likewise progressed from a small 
number of points to a large number of 
points. The absorption data required by 
the techniques of several workers are 
shown in Table 1v. The methods are ar- 
ranged in order of increasing complexity 
and accuracy. | 

Several spectra have been plotted using 
the three simplest methods listed in Table 
ту. Figure 14 shows spectra plotted for com- 
parison by the three methods for 140 kv. 
peak, first half-value layer 0.5 mm. copper. 
The amount of characteristic radiation re- 


'TABLE IV 


SUMMARY OF MINIMUM DATA REQUIRED FOR 
SOME ABSORPTION ANALYSIS SPECTRA 











Method Minimum Data Required 
Bell? First half-value layer and kv. 
peak 
Jones? First and second half-value 


layer and kv. peak 

Four or more points on the at- 
tenuation curve and kv. peak 
Many points on the attenua- 
tion curve and kv. peak 
Many points on the attenua- 
tion curve and kv. peak 


Greening? (1947) 
Emigh and Megill 


Greening’ (1950) 
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Fic. 14. Absorption analysis spectra, 
140 kvp., 1 HVL o.5 mm. Cu. 


sulting from the Greening? (1947) method 
is plotted as an area proportional to its 
contribution for comparison purposes. 
Figures 15, 16, and 17 show plots using the 
same methods for 200, 250, and 300 kv. 
peak. These spectra should not be taken as 
the limit of accuracy of the absorption 
analysis technique but are shown merely to 
illustrate what can be derived from a small 
amount of absorption data. 

A test of the accuracy of such a spectrum . 
is a comparison of the absorption curve de- 
rived from the spectrum with the experi- 
mental absorption curve. Such a compari- 
son is shown in Figure 18 for 140 kv. peak. - 
The more complex methods are observed 
to provide progressively better fit to the ex- 


5 
PERCENT DOSE PER KEY 








Fig. 15. Absorption analysis spectra, 
200 kvp., 1 HVL 1.0 mm. Cu. 
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Fic. 16. Absorption analysis spectra, 
250 kvp., 1 HVL 2.0 mm. Cu. 


perimental absorption curve and hence rep- 
resent the actual spectrum more accuratelv. 
It is interesting to compare the spectrum so 
derived to one derived by another method. 
Figure 19 shows a comparison of a 140 kv. 
peak spectrum derived from our data by a 
more complex method (Greening,’ 1950) to 
a spectrum from a constant potential 
generator measured by Hettinger and Star- 
felt® using scintillation spectrometry. Both 
spectra represent beams having the same 
first half-value layer, o.« mm. copper. The 
Hettinger and Starfelt® spectrum was con- 
verted from a photon spectrum to a dose 
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ACCURACY WITH WHICH THE EMPIRICAL 
EQUATION FITS THE ATTENUATION 
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Fic. 18. Accuracy with which the empirical equation 
fits the attenuation curve. 


spectrum and attenuated to a first half- 
value layer of 0.5 mm. copper. While the 
difference in waveform would be expected 
to produce some differences, the agreement 
of the two spectra may be well within the 
limits necessary to many calculations. 
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Fic. 17. Absorption analysis spectra, 
300 kvp., 1 HVL 3.0 mm. Cu. 


Fic. 19. Comparison of absorption analysis spec- 
trum with scintillation spectrometry. 
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DETERMINATION OF INHERENT 
FILTRATION AND KILOVOLTAGE 


A knowledge of the first half-value layer 
has been used as a means of estimating 
kilovoltage and filtration. For instance, 
knowing the kilovoltage, waveform, and 
first half-value layer, one can determine the 
inherent filtration by referring to plots of 
first half-value layer against filtration at 
known kilovoltages made on equipment 
having the same waveform. Conversely, 
knowing the inherent filtration, waveform, 
and half-value layer, one can determine the 
kilovoltage at constant filtration. 

A knowledge of the first and second half- 
value layers for a given operating condition 
can be used to determine kilovoltage and 
filtration with some confidence, provided 
graphs showing the first and second half- 
value layer as a function of filtration and 
kilovoltage peak are available for equip- 
ment having the same waveform. For prac- 
tical purposes graphs for only sine wave 
and constant potential equipment would 
seem to be necessary for the determination 
of filtration and kilovoltage. 

The actual determination of the kilo- 
voltage and filtration may be done by de- 
termining the intersection of two graphs, 
one of kilovoltage against filtration at con- 
stant first half-value layer and one of kilo- 
voltage against filtration at constant 
homogeneity coefficient. Such а deter- 
rnination is shown in Figure 20 for a first 
kalf-value layer of 1.75 mm. aluminum and 
a homogeneity coefficient of o. 5. The plot of 
kilovoltage against filtration at a constant 
first half-value layer is taken from the in- 
tersections of the line in Figure 5 represent- 
irg a first hal£value layer of 1.75 mm. 
aluminum with the lines representing the 
various kilovoltages. The plot of kilo- 
voltage against filtration at a constant 
value of the homogeneity coefficient is 
taken from the intersections of the line in 
Figure 8 representing a homogeneity co- 
efficient of о.5 with the lines representing 
the various kilovoltages. Since Figure 8 
shows homogeneity coefficient plotted 
against first half-value layer, it is necessary 
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Fic. 20. Kilovolts (peak) and filtration from meas- 
ured first and second half-value layers and known 
absorption data. 


to determine the corresponding filtration 
from Figure 5. The resulting intersection of 
the two lines in Figure 20 occurs at a filtra- 
tion of 1.05 mm. aluminum and a kilo- 
voltage of 117 kv. peak. The knowledge of 
the first and second half-value layers has 
hence allowed the determination of both 
kilovoltage and filtration rather than one or 
the other as would be the case where only 
the first half-value layer was known. 


SUMMARY 


From our work we would conclude: 

т. The first half-value layer alone does 
not completely describe the "quality" or 
spectral distribution of a roentgen-ray 
beam. 

2. A better description would result from 
stating both kilovoltage peak and the first 
half-value layer. 

3. A still more complete description can 
be had by a statement of the first and 
second half-value layers or by a statement 
of the first half-value layer and the 
homogeneity coefficient. 

4. The most comprehensive description, 


E. Dale Trout, John P. Kelley and Arthur C. Lucas 


as was pointed out by Taylor and Singer," 
Is a presentation of a complete absorp- 
tion curve, but this involves space con- 
siderations not always feasible. 


5 


. The first half-value layer does not 


uniquelv define the depth dose, but the de- 
gree to which it fgils to do so may Бе 
negligible for clinical purposes. 


6. A knowledge of the first and second 


half-value lavers mav be used to estimate 
kilovoltage peak and filtration. 


General Electric Company 
4855 Electric Avenue 
Milwaukee 1, Wisconsin 
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DOSIMETRY BY TOMOGRAPHY IN INTERSTITIAL 
CURIETHERAPY: POINT TECHNIQUE* 


By B. PIERQUIN, M.D.,t and J. V. FAYOS, M.D.t 


VILLEJUIF (SEINE), FRANCE 


HE calculation of the spatial dose de- 

livered to the tissues during interstitial 
curietherapy has presented difficult prob- 
lems which arise, on one hand, from the fact 
that the radiating sources are imbedded in 
the tissues-—making any direct measure- 
ments an impractical task—and, on the 
other hand, from the unequal distribution 
of the dose around these sources in the 
tumor. 

Several methods have been devised in 
which indirect or semi-direct spatial re- 
constructions of the implants are made. ?^? 
These methods do not establish the isodose 
pattern of the implant and do not show the 
neighboring structures which occasionally 
receive considerable doses of radiation — 
fundamental conditions for good dosim- 
etry. 

Patients treated with curietherapy at the 
Institut Gustave-Roussy have tomograms 
taken, through a plane perpendicular to the 
long axis of the implant, besides the usual 
frontal and lateral roentgenograms. It is 
with the help of these tomograms and the 
isodose curves of the radioactive material 
used, that it is possible to calculate with 
great accuracy the spatial dose delivered by 
the implant during treatment. 


PRINCIPLE OF THE METHOD 


The method is used mainly in those im- 
plants in which the needles or wires of any 
solid, uninterrupted radioactive material 
follow parallel lines. 

The images of the needles or wires will 
appear on the tomogram as points (Fig. 1). 
These are marked on tracing paper and on 
each point (corresponding to a source) the 
center of a standard circular isodose chart, 
enlarged to compensate for the enlarge- 





Fic. 1. Tomographic dosimetry, the “point tech- 
nique.” The plane of the unidirectional tomogram 
sections perpendicularly 4 radium needles which 
appear on the film as 4 points. 


ment on the film, is placed and the isodose 
curves around the source are drawn. 

By adding the values of the superimposed 
isodose curves at each point, it 1s possible 
to calculate the isodoses for the entire im- 
plant and to determine the dose in the 
tumor and surrounding structures (point 
technique). 


TECHNIQUE OF TOMOGRAPHY 


The technique of tomography will de- 
pend upon the orientation of the radio- 
active sources. 


A. VERTICAL IMPLANTS 

If the radioactive sources are oriented in 
a vertical fashion or closely approximat- 
ing it, we advise the use of an axial trans- 
verse tomogram. The image so obtained is 
that of a transverse section of the body at 
the level of the implant.^* An example of 
such an implant is shown in Figure 2. This 
roentgenogram was taken of a patient with 
a squamous cell carcinoma of the right 
tonsillar region in which a double wire of 
radioactive gold 198 was inserted into the 


* From the Department of Radiations, Institut Gustave-Roussy, Villejuif (Seine), France. Presented at the Forty-third Annual 
Meeting of the American Radium Society, Colorado Springs, Colorado, May 11713, 1961, 

+ Chief of the Interstitital Radiotherapy Unit of the Institut Gustave-Roussy, Villejuif (Seine), France. 

{ Instructor in Radiology, University of Michigan Medical Center, Ann Arbor, Michigan. 
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Fic. 2. Carcinoma of the right tonsillo-lingual region: 
2 double plus т single wire of Аш! implanted. 
Frontal roentgenogram. 


tonsillar region and another double wire 
and a single wire of the same material were 
implanted in the adjacent area of the 
tongue.’ The appearance of the implant is 
that of a cylinder with a 4 em. vertical axis. 

(a) Projection of the axis of the implant on 
the skin. Immediately after the implanta- 
tion of the radioactive sources, the position 
of the implant is determined by fluoroscopy 
or still better with the aid of frontal and 
lateral roentgenograms. The projection of 
the vertical axis of the implant on the skin 
is marked with a dermographic pencil. A 
line perpendicular to this axis of implant is 
also marked on the skin at a level which 
corresponds to the center of the irra- 
diated volume of tissue. It is at this level 
that the tomographic section of the region 
will be made (Fig. 34). 

(b) Positioning of the patient in the tomo- 
graphic unit. The patient is placed in a 
sitting position on the tomographic chair 
and is conveniently immobilized. The main 
axis of the implant, as shown by its cutane- 
ous projection mark, is put in coincidence 
or parallelism with the rotational axis of the 
chair with the aid of a Trope centralizing 
ight. The horizontal line already drawn on 
the skin is made to coincide with the hori- 
zontal light beam, and it will establish the 
plane of body section for the tomogram 
(Fig. 3B). 

(c) Distance and exposure factors. The 
incident roentgen beam is angulated 20 de- 
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Vic. 3. (4 and B) Carcinoma of the tonsillo-lingual 
region. The patient is positioned for tomography. 
The vertical lines on his face correspond to the pro- 
jection of the principal axis of implant of the Aut”? 
wires; the horizontal ine corresponds to the level 
of section of the transverse tomogram. 


grees up from the horizontal. A distance of 
180 cm. from the focus to the axis of rota- 
tion of the seat and a distance of 60 cm. 
from this scat-rotation axis to the axis of 
rotation of the cassette are used. This gives 
an enlargement coefficient of 1.33. We em- 
ploy 80 kv., 40 ma. and an exposure of 4 
seconds during which time the patient is 
completely rotated. 
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(d) Reading of the film. The tomogram 
will show the cutaneous contour and the 
different anatomic structures corresponding 
to the section of the body under study. The 
radioactive sources will appear in the form of 
points as already mentioned. In Figure 4 we 
are able to recognize the 5 points that corre- 
spond to the transverse section of the radio- 
active wires (2 double and one single wire ot 
gold 198). The skin contour, the body of the 
mandible, the tongue, the cervical column, 
etc. and their relation to the implant are 
readily visualized. A tracing for calculation 
of the isodoses is easily done. 

B. HORIZONTAL (FRONTAL, OBLIQUE, OR SAGITTAL) 
IMPLANTS 

If the implantation is done in a hori- 
zontal plane, unidirectional tomography is 
used according to the position of the im- 
plant plane (by following Grossmann's 
recommendations).? 

The technique employed for the projec- 
tion of the implart on the skin and the posi- 
tioning of the patient in the tomographic 
chair are identical to those described for 


transverse tomography, except for change of 


the cutaneous planes and a corresponding 
change of the light localizing device. The 
focus-seat-cassette distances remain the 
same and the enlargement coefficient. will 
also be the same, namely 1.33 (Pantomix 
CGR). For example, in a patient who has a 
sagittal implant of 4 wires of iridium 192 for 
cervical lymph node metastases (2 central 
wires 8 cm. long and 2 marginal wires 6 cm. 
long) the tomogram is taken in a frontal 
plane using the following factors: a sweep- 
ing angle of so degrees, 70 kv., 40 ma., and 
an exposure (and moving) time of 2 seconds. 

The film yields information comparable to 
that obtained in transverse tomography. 
The tomographic images of the radioactive 
sources will show fading tails around their 
own transverse sections (“butterfly knots") 


(Fig. 5 and 6). 


CALCULATION OF THE ISODOSES 

A tracing of the tomogram is made on 
transparent paper by ensuring the proper re- 
lationship of the cross section of the radio- 
active sources to the anatomic structures. 
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Fic. 4. Carcinoma of the right tonsillo-Iingual region. 
Implantation of 4 parallel Ам! wires, 4 cm. long. 
‘ es, 4 cm. long 
On the transverse tomogram the images of the 


sectioned wires appear as 5 points. 


The radiotherapist must have a complete 
set of standard isodose curves in a plane per- 
pendicular to the axis of the radioactive im- 
plant. The isodose curves represent circular 
lines around the cross section of the sources 
constituting the implant. Different sets are 
necessary for different lengths (2, 4, 6, 8, 
10, 12 cm.) and for different radioactive ma- 
terials. They should be calculated in roent- 
gens/hour per I mc/cm. (Fig. 7 and 8). 
These curves are magnified by a factor of 
1.33 (the same as the enlargement coefficient 
of the film) so that they can be used directly 
on the tracing of the tomogram. 

The center of the standard isodose curves, 
corresponding to the length and material 
used in the implant, is placed on the point of 
the tomogram representing the cross sec- 
tion of that source. The different isodose 
curves are superimposed on the tracing 
paper using different colors to facilitate 
their identification (Fig. 9 and 10). 
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Vic. 7. Calculated isodose curves around the main 
axis of a 6 ст. long Ir wire (1 mc/em. activity; 
dose in r/hr.). 


isodose curves that correspond to the entire 
implant considered as a unit are obtained. 
First the calculation of the dose at the 
ў | . | center of the implant is made, then the 
Fi i cer lymph nole mette Fut Position and value of the first isodose line 
length). Lateral овоот that will encircle the implant as a whole are 
ко determined. his represents the бас 

By adding the values of сле proper isodose  “89¢0se curve of the implant. 
curves for each source or point, finally the 








‘sodoses 1,2,3,5,10, 20, 50 





Fic. 8. Calculated isodese curves in a plane perpen- 


Fic. б. Right cervical lymph node metastases. Four dicular to the certer of the Ir! wire indicate the 
Tr! wires inserted. Unidirectional frontal tomo- circular isodose curves that will be used in our 
gram. The 4 wires appear on the film as 4 points point dosimetry (1 тег сп. activity; 6 em. length; 


with tails as "butterfly knots." dose in r/hr.). 


HD 
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Кто. 9. Carcinoma of the right tonsillo-lingual re- 
gion. Standard isodose curves drawn on tracing 
paper around the cross section of 2 double and 1 
single 4 cm. long Au! wires. The basic isodose 
curve appears as a thicker line. 


With a little experience, it is possible to 
make these calculations in a few minutes. 
In a correct implant the basic isodose 





Fie. 10. Right cervical lymph node metastases. 
Standard isodose curves drawn on tracing paper 
around the section of each Ir!® wire (2 wires 6 cm. 
and 2 wires 8 cm. long). The small crosses indicate 
the points at which the dose has been calculated 
(see Table in right upper corner) in the center of 
the implant and along the basic isodose curve. 
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curve should coincide with the reference iso- 
dose curve corresponding to the volume of 
tissue to be irradiated and upon which the 
tumor dose is calculated. 

This dosimetry may be complemented by 
the addition of other isodose curves of de- 
creasing numerical value, if so desired. The 
main advantage of these more distal isodose 
curves is in supplying information regarding 
the doses delivered to the surrounding 
normal tissues (Fig. 11 and 12). 


RELATION BETWEEN THE REFERENCE 
ISODOSE CURVE OF THE VOLUME TO BE 
IRRADIATED AND THE BASIC ISODOSE 
CURVE; CALCULATION OF THE 
TUMOR DOSE 


The boundaries of the volume to be ir- 
radiated are clinically determined by taking 
into consideration the proximity of the 
neighboring structures, and they are indi- 
cated on the tomogram or the tracing paper. 

The reference isodose curve (where the 
tumor dose is calculated) should coincide, 
whenever possible, with the boundaries of 
the volume to be irradiated. 

In an ideal implant the coincidence of 
these lines (the reference isodose curve, the 
basic isodose curve, and the boundary of 
the volume to be irradiated) will produce one 
single line. In practice, it is not always 
possible to make the three lines coin- 
cide, due to technical and clinical difficulties 
and it will be seen that the basic isodose 
curve is more or less away from the bound- 
ary of the volume to be irradiated and the 
reference isodose curve (Fig. 13). However, 
it is on the basis of the reference isodose 
curve that the calculation of the tumor dose 
should be made in every case, observing the 
following factors: r/hr. value of the chosen 
reference isodose curve; activity of the iso- 
tope used;-and half-life of this isotope. In 
practice, the tumor dose varies between 
4,000 and &,o00 r. ` : 

DISCUSSION `. 

I. In this method of spatial dosimetry, 

the calculation of the dose is made directly, 


instead of indirectly or semidirectly, on 
tomograms representing body sections in 
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Fic. 11. Right tonsillo-lingual carcinoma. Au!’ jm- 
plant consisting of 2 double and 1 single wire 4 cm. 
long. Transverse tomogram. The calculated iso- 
dose curves drawn around the implant show de- 
creasing numerical values distally from the im- 
plant. The surrounding anatomic structures are 
also shown (dose in r/hr.). 


which the irradiating sources are located. 
The isodoses are determined on an an- 
atomic and topographic basis, including 
the tumor plus the surrounding normal 
tissues. Dosage can be controlled and calcu- 
lated in any region of the tumor and its 
vicinity. 

2. In the tomographic study of the 
tumor and its surrounding structures, one 
can easily differentiate between bone, air 
and soft tissue, although differentiation be- 
tween various components of soft tissue 
structures is more uncertain. This can be 
determined by careful observation of the 
topography of the organs and their rela- 
tions, or by the use of radiopaque materials 
in the soft tissues one wishes to delineate. 
The latter procedure, however, will intro- 
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duce shadows into the tomogram that 
might be confused with the radioactive 
sources. 

3. The method herein described has its 
principal application in the parallel and 
non-interrupted implants, the  isodose 
curves of which can be calculated at any 
level. It is also relatively useful in other 
types of implants such as: 

(a) In the case of gold 198 double wire 
in which it is necessary to take into ac- 
count the amount of irradiation given by 
the horizontal branch of the wire for the 
calculation of the total dose. This correc- 
tion can easily be made by adding the ex- 
tra dose to the standard isodoses in the 
main plane of the double wire." 

(b) In the case of curved lines, the cor- 
rection is more difficult; the arch of curva- 
ture should be taken into consideration and, 
for the correction, special graphs or tables 
must be consulted.‘ 


` 
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Fig. 12. Right cervical lymph node metastases. Ir! 
implant consisting of 2 wires 6 cm. and 2 wires 8 
cm. long. Frontal tomogram (dose in r/hr.). 


Vor. 87, No. 3 





Го. 13. Right cervical lymph node metastases. The 
volume to be irradiated is drawn in a thick line at 
some distance from the basic isodose curve. In this 
case, the basic isodose curve with a value of 35 
does not correspond to the reference isodose curve 
of the volume to be irradiated which has a value of 
25. The tumor dose will be calculated from the 
isodose curve 25, with the knowledge that there 
will be a central overdosage. As an example, if the 
„chosen tumor dose is 5,000 rads, the central zone 
of the volume to be irradiated, at the level of the 
basic isodose curve, will receive 7,000 rads. 


(c) In the case of loop implants, they 
can be arbitrarily considered as rectangular 
implants, resembling the gold 198 double 
wire with a horizontal branch (Fig. 14). 

(d) In the rare cases of implants in spiral 
fashion, the dosimetric problem is even 
more complex. Tomograms can be helpful 
provided the section crosses the main plane 
of the cylinder or ovoid formed by the 
spiral. 

4. High density wires can easily be de- 
tected in the tomographic section of the 
body in which they are implanted. We 
have made tomograms using aluminum, 
steel, iridium-platinum, and lead wires with 
a diameter of 0.3 mm. imbedded in phan- 
toms of wax and water. In a 30 cm. diame- 
ter cylinder (corresponding to the pelvic di- 
mensions) the iridium-platinum and lead 
wires were the only ones clearly visualized 
in the film. Е 
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Fic. 14. Schematic drawing illustrating conversion 
of a loop into a rectangular form. 


5. Parallel insertion of the radioactive 
sources is a necessary condition for any 
correct tomographic dosage. This paral- 
lelism may not be achieved on occasions 
due to technical or anatomic difficulties. In 
such cases an angulation of the sources 
that does not exceed +10 degrees will pro- 
duce on the basic isodose curve a negligible 
variation in dosimetry. For inclinations of 
a greater degree, it Is necessary to make a 
correction (Fig. 15). On the other hand, 
it is necessary in these unparallel implants 
to control the dose by taking several tomo- 
grams at different levels. 


SUMMARY 


The use of tomography in interstitial 
curietherapy allows a direct dosimetry in 
which a spatial representation of the iso- 
doses in the tumor and in the surrounding 
normal structures can be made. 

The tomogram is taken in a plane per- 
pendicular to the implant axis. The 
images of the needles or wires of the radio- 
active sources implanted will be seen as 
points and upon these points the standard 
isodose curves are drawn and added for the 
calculation of the dose delivered to the 
tumor and the surrounding structures. 

This method is simple, particularly suit- 
able for implants in which the sources are 
linear and are inserted parallel to one an- 


other. 


Dr. B. Pierquin 

Institut Gustave-Roussy 

16 bis, avenue Paul Vaillant-Couturier 
Villejuif (Seine), France 
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Fic. 15. Graph for correction of isodoses in case that the radioactive wires 
or needles are not placed parallel to each other. 
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WORLD SURVEY OF RADIOISOTOPE 
TELETHERAPY. UNITS* 


By К. С. TSIEN} 


VIENNA, AUSTRIA 


[5 THE ten years time since the first 2 
cobalt 60 teletherapy units were installed 
in 1951 in Canada, radioisotope tele- 
therapy has come to be widely accepted in 
the treatment of certain types of cancer. 
The number of units in use has grown 
rapidly. Besides cobalt 60, cesium 137 is 
also used as a teletherapy source, and there 
is also one iridium 192 unit in existence.* 

The radioisotope teletherapy units have 
the advantage over other high energy 
therapy machines of being economical to 
install and simple from the engineering 
standpoint. This advantage led to the 
rapid increase in their use in many coun- 
tries and opened up possibilities of apply- 
ing high energy radiotherapy in less de- 
veloped areas. However, this rapid devel- 
opment also led to new problems which 
would not have arisen had these new 
radiation sources not been accessible to in- 
experienced persons. 

According to information at hand, tele- 
therapy units are manufactured in twelve 
countries: Canada, Czechoslovakia, 
France, Federal Republic of Germany, 
Hungary, Italy, Japan, Netherlands, Swe- 
den, United Kingdom, USA, and USSR. 
There are more than 5o different designs of 
cobalt units and at least 16 different models 
of cesium units. Some of these are standard 
types and some are custom made. 

There are now over 1,000 teletherapy 
units, mainly cobalt, in use in various parts 
of the world. These figures are still rising 
and, no doubt, will continue to rise as long 
as irradiation remains an accepted method 
of treatment of cancer. At present, cobalt 
teletherapy might be well considered as one 


* At Addenbrooke's Hospital, Cambridge, England. 
"f For commercially available units, see reference 3. 


of the most important nadine ore appli- 
cations. 


SOURCE ACTIVITY REQUIRED IN 
TELETHERAPY UNITS 


In the past there have often been discus- 
sions on the designs of collimator, shutter 
mechanism, etc., of teletherapy units. In 
reviewing the present various models of co- 
balt units, it has been observed that they 
could be classified into three main groups 
according to their source loading capacity: 
(A) units with a loading capacity over 2,000 
curies, (B) units with a loading capacity 
of 1,000-2,000 curies and (C) units with a 
loading capacity less than 1,000 curies. In 
Table 1, 54 different models of cobalt units 
are classified i in this manner: 18 under (A), 
25 under (B) and 11 under (С). 


'The situation for cesium units.is some- 


what different. The cesium units manu- 


factured at present are mainly for sources 
in the range of 1,000 to 2,000 curies, which 
is equivalent to approximately 250-500 
curies of cobalt with the same output. 
Seven out of 16 existing different models 
are custom made. 

'The source loading capacity is the maxi- 
mum activity of radioactive material which 
can be loaded in the source housing of the 
unit and the figures in Table 1 are based on 
the information supplied by the manu- 
facturers. However, the units of source 
loading capacity given by the manufac- 
turers are in no way uniform. Some give the 
maximum amount of activity in curie and 
some others indicate the maximum output 
of the source in units of roentgen per hour 
at 1 meter (rhm) or roentgen per minute at 
1 meter (rmm). Figures originally given in 
effective curie or rhm have been converted 


* Presented at the Forty-third Annual Meeting of the American Radium Society, Colorado Springs, Colorado, May 11-13, 1961. 
T Senior Officer, Department of Research and Isotopes, International Atomic Energy Agency, Vienna, Austria. 
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COBALT TELETHERAPY UNITS CLASSIFIED ACCORDING TO SOURCE LOADING CAPACITY 











: | Source-Diaphragm ^ Source-Ax 
Model and Country of Origin! Loading Capacity Distance Distance 
(curie or rmm) (cni) (em.) 
* A. Units with a loading capacity over 2,000 curies 
1. Eldorado Super G, Canada 200 rmm 37 — 
2. Theratron F, Canada 200 rmm 37 75 
3. Mobaltron 1, п, ш, U.K. 10,000 с 34 I 60-90 
nu 75 
4. Stabilatron, U.K. 10,000 C 34 — 
5. Eldorado A, Canada 160 rmm 58-80 — 
6. Gilatron 6,000, Italy 100 rmm 34.5 75 
7. Hunslet 5,000 Isocentric Unit, U.K. 5,000 С ika 75 
8. Uranos 1, Italy 5,000 С 45 80 or 85 
9. Gyratron 1, п, U.K. go rmm 35 65, 70, or 
то. Theratron В, Canada go ттт 32 7$ 
11. Picker C-5,000, USA 83 rmm 60 95? 
12. Rotaray Mark u,? USA 66.6 rmm 30 or 28.5 60 or 75 
13. Jupiter Senior, Italy 60 rmm 60 95 
14. Toshiba RI-107, Japan 3,000 C 14-24 65 or 75 
15. Gilatron 3,000, Italy 50 rmm 32.5 65 
16. Picker C-3,000, USA 50 rnm Я 953 
17. Westinghouse Floor Stand* Unit, USA 50 rmm 30 — 
18. Westinghouse Ring Unit? USA 5o rnm 30 60 
B. Units with a loading capacity of 1,000-2,000 curies 
1. Cobaltix, France 44 rmm 47 E 
2. Hunslet Pillar Type Unit, U.K. 44 rmm 35 or 40 — 
3. Hunslet Moving Field Unit, U.K. 44 rmm 35 60-80 
4. Flexaray,! USA 41.7 rmm 31.5 — 
5. Gammatron 1, Germany 2,000 C 31 40-654 
6. Orbitron, О.К. 2,000 с 33 60~75 
4. Shimadzu RT-2,000, Japan 2,000 с 26 58-75 
8. Smit-Róntgen A, B, C, Netherlands 2,000 с A 17-50 — 
. В 50 — 
C 20-55 — 
9. Uranos п, Italy 2,000 с 45 80 or 85 
то. Jupiter Junior п, Italy 40 rmm MP 55 
тї. Rotaray Mark n, USA 36.6 rnm 30 or 28.5 60 or 75 
12. *Argonne Kilocurie Unit, USA 34 rnm 32.2 81.6 
13. Picker V-2,000, USA 33 rmm 27 — 
14. Picker C-2,000, USA 33 rmm 27 55 
15. Eldorado G, Canada 30 rnm 28.5 — 
16. Theratron Junior, Canada 30 rmm 26.5 55 
17. Theratron С-п, Canada 30 rmm 26.5 55 
18. *Ontario Johns’ Rotational Unit, Canada 1,800c 60 93 
1g. *Oxford Cobalt Unit 
(Husband & Co.), U.K. 1,500¢ 35 — 
20. Gammatron 2, Germany 1,300 c 28.5 55 
21, *Saskatchewan Kilocurie Unit, Canada 1,100 C es — 


22. Cobaltron (twin sources), U.K. 


1,000 c and 100 C 





2 For name of manufacturer, see reference 3. 

з With attachment, rotating 240 degrees only. 

? Unit also available with other source loading capacity. 
4 Rotating 330 degrees only. 

* Custom made unit. 
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TABLE I— Continued 


Model and Country of Origin! 








23. Hunslet Dual Purpose Unit, U.K. 
24. Westinghouse Floor Stand Unit? USA 
25. Westinghouse Ring Unit,’ USA 


Я ` Source-Diaphragm ^ Source-Axis 
Loading Capacity Distance Distance 
(curie or rmm) (cm.) (ст.) 
22 rmm 35 or 40 — 
20 rmm 30 . a 
20 rmm 30 60 


C. Units with a loading capacity under 1,000 curies 


1. Flexaray, USA 16.6 rmm 31.5 £ — 
2. Shimadzu ST-600 M п, Japan 600 c 25 — 
3. Hitachi Т1-боо c, Japan 600 c bis — 
4. Toshiba RI-103 D, Japan 600 c 30 or 35 — 
5. Gravicert, Hungary 500 с 20 — 
6. GUT-400, USSR 250 с (400 gm. 


radium-equivalent) 35 and 60 — 


7. Commando, USA 5 rmm 12.5 — 
8. *Leiden's Unit, Netherlands тоос 25 — 
9. Bryant Symons Stationary Unit, U.K. IO-150 C 8.30 — 
то. Deka-Curie (Telegamma-Elema), Sweden 30 с 6-10 — 

11. GUT-20, USSR 13 c (20 gm. 
radium-equivalent) ... — 


to rmm in Table 1 for easier comparison. 

The required amount of source activity 
to be loaded in a teletherapy unit depends 
much on the conditions under which the 
unit is used. The maximum amount of 
source activity which can be loaded in the 
unit depends on the shielding of the source 
housing, or, it may be said, on the amount 
of leakage radiation considered acceptable 
outside the housing. A high activity source 
is still expensive, but is generally preferred 
in treating deep-seated tumors, because 
a longer treatment distance can be used and 
any single treatment can be completed in a 
relatively short time. The advantage of 
using a long treatment distance in deep 
therapy is that favorable depth doses can 
be obtained. At present, a source-surface 
distance of 80-100 cm. is generally con- 
sidered as suitable for this purpose. For the 
patient’s comfort and efficient operation, 
the duration of treatment should not ex- 
ceed 10 minutes. On the other hand, to 
avoid the hazard of high level radiation, 
a treatment time less than 2 minutes may 
be considered unsuitable. 

Assuming a 200 r tumor dose is to be 
given to a patient in one treatment and the 


depth dose at the tumor center is 60 per 
cent, the maximum dose at the 100 per cent 
point would be about 330 г. If the patient 
is treated at 100 cm. and the treatment 
time is kept within 2 to 10 minutes, the 
dose rate at the maximum dose ‘point is 
within the range of 165 r/min. to 33 r/min. 
In other words, the source output should be 
between 165 rmm to 33 rmm. Based on this 
calculation, a source over 165 rmm, or 
9,900 rhm, or approximately 7,400 effective 
curies, would not be necessary nor is it 


‘suitable for use. 


About half of the 54 models of cobalt 
teletherapy units are built with support 
for moving beam therapy. Five units are 
built for 55 cm. source-axis distance (SAD). 
Four units can be used for a source-axis dis- 
tance of go cm. or over. Moving field units 
with 90 cm. SAD or over, are expensive. 
The usefulness of units with 55 cm. SAD is 
limited, although they are inexpensive. 
Seventy-five cm. source-axis distance seems 
to be preferred by the majority. For de- 
livering a dose rate of 165 r/min. at 75 cm., 
the source output requirement would be 
about 93 rmm; therefore, a тоо rmm source 
should be considered adequate for moving 
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beam units designed for 75 cm. SAD. 

From the economic point of view, the 
heavy loss due to the decay of the source 
activity, when the source is not in use, is 
rather a waste; the higher the activity of 
the source loaded, the larger the waste is 
and consequently the more expensive the 
use of the unit. 

Table 1 shows that the highest loading 
capacity of existing units is 200 rmm. In the 
last few years teletherapy units with higher 
and higher source loading capacity have be- 
come available. Of course, a high source 
loading capacity of a unit is an indication of 
the strength of the shielding of the source 
housing. As mentioned before, the loading 
capacity of a unit depends on the amount of 
leakage radiation considered acceptable 
outside the housing. If the value of loading 
capacity given for a certain source housing 
is lower than that of some other units, this 
does not necessarily mean that the shielding 
of the unit is inferior to others, simply be- 
cause the manufacturers of other units may 
allow a higher value of permissible leakage 
radiation outside the source housing. For 
recommendations on the amount of ac- 
ceptable leakage radiation outside the 
source housing of teletherapy units, see 
references 6, 7, and 8. 


WORLD DISTRIBUTION 


According to Brucer and Simon, up to 
March 1958, the total number of tele- 
therapy sources sold from Canada and the 
USA was 314. Including teletherapy units 
with sources supplied by other countries, 
such as USSR and the United Kingdom, 
the total number of teletherapy units in the 
world at that time was probably not more 
than соо. In 1957, Errington? estimated 
that 1,200 teletherapy units would be in 
world service by the end of 1961. Based on 
information available at present, the total 
number of teletherapy units is about 1,120. 
'The United States, USSR and Japan are 
the countries which have the greatest 
number of teletherapy units. The total 
number of units in these three countries 
alone is about 730. According to informa- 
tion presently at hand, there are 75 cesium 
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Taare II 
ESTIMATED NUMBER OF RADIOISOTOPE TELETHERAPY 
UNITS IN THE WORLD IN MID-YEAR, 1961 














North and South Атетїса................. 480 
USAGE РЕЕСТРА 386 
Сапайа................. 36 
Мбехісо................. 19 
Атрепйпа............... ІІ 
Braziliiiule xm 9 

dias io уузун УКУК Y ANE 200 
Japam. oett 160 
Andia ss oar 7 
Philippines.............. 4 

ИО а КА НСА 426 
USSR Ace eio 180 
Italy. sr la. 83 
United Kingdom......... 47 
Ктапсе................. 45 

Others (Africa, Осегата).................. 20 


Estimated World Total.............. 1,120 


teletherapy units in various parts of the 
world, either in use or to be installed in the 
near future. | 

Table 11 shows the distribution of the 
teletherapy units and the estimated total 
in each continent. The distribution of 
cesium teletherapy units is given in Ta- 
ble ш. 

NORTH AND SOUTH AMERICA 


The number of teletherapy units in the 
United States has increased steadily in re- 
Taste ПІ 


' NUMBER OF CESIUM 137 TELETHERAPY UNITS 
IN MID-YEAR, 1961 


(Including units to be installed in the near future) 








Argentina- si cea vo kava das 3 
Belgium... сулу кюк eee eee 2 
Canada. а vents ese о 6 
СојіотЫа..................... I 
Ктапсе fac. ewe cee tae 5 
Getmaly. ура 2 
Іпаопезіа..................... I 
Ттайы cis d ue E eias І 
Пау арлана: 11 
Japan; eje Ан eA д» 2 
Norwayglonng$osiegwblwde-au ЫЙ 1 
Puerto Ќісо................... 1 
5жейеп....................... 3 
United Kingdom............... 13 
ОЗА E 21 
USSRu sectione e gea 2 
Total! o RITE. 75 
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cent years. A survey shows that in January, 
1958, there were 169 units,’ in September, 
1959, 280 units including 9 cesium units,!° 
and in June, 1961, 386 units including 21 
cesium units. The latter figures were derived 
from the number of licenses issued. Licenses 
are required in the United States for the 
installation of teletherapy units with the 
exception of those owned by the U. S. 
Atomic Energy Commission. 

The world’s first two units were installed 
in the fall of 1951 in Canada, one at the 
University Hospital of Saskatchewan and 
the other at the London Clinic, London, 
Ontario. At present, there are about 30 
cobalt units and 6 cesium units in Canada. 

Mexico, Argentina and Brazil have то, 
11 and g units respectively. There are also 
teletherapy units in Chile, Cuba, El 
Salvador, Peru, Uruguay and Venezuela. 


ASIA 


There are at least 160 teletherapy units 
in Japan; some estimate the number even 
as high as 200..Most of the units in Japan 
are under 200 curies. A few units have co- 
balt sources over 1,000 curies, and there 
are only 2 cesium units. Three manu- 
facturers produce teletherapy units in 
Japan; some of the Japanese units have 
been exported to other countries. 

In other Asian countries, the most 
popular type is the moving beam unit with 
55 cm. source-axis distance. Some of these 
units are gifts under the Colombo plan, or 
from governments. There is one unit each 
in Burma and Ceylon, obtained under the 
Colombo plan; one unit in Thailand and 
one in Taiwan are gifts from the US 
Government. The GUT-400 unit in Thai- 
land is a gift from the USSR Government, 
and the cesium unit in Iran is a gift from 
the British Government. 

Although there are several moving beam 
units in these countries, they are, in fact, 
seldom used for rotation therapy because of 
the dosimetric problem and the lack of 
trained personnel. 


EUROPE 
It is estimated that there are about 180 
radioisotope teletherapy units in the USSR. 
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They consist mainly of type СОТ-доо, 
which is loaded with a cobalt source of 400 
gm. radium-equivalent. Italy has the next 
highest number of teletherapy units in 
Europe, with about 75 institutes equipped 
with one or more high energy radiation ap- 
paratus. There are abdut 72 cobalt units, 11 
cesium units, ten 15 mev. betatrons, two 31 
mev. betatrons and one 2 mev. Van de 
Graaff generator. Most of the cobalt units 
in Italy have a source activity of 1,000- 
2,000 curies. 

France has about 40 cobalt units and 
5 cesium units and there are about 34 co- 
balt units and 13 cesium units in the United 
Kingdom. The above mentioned four 
countries have a total of about 360 units. 

There are at least 60 more units in Ger- 
many, the Netherlands, Sweden, Switzer- 
land and other European countries. 


INTERNATIONAL COLLABORATION 


In: the program of the International 
Atomic Energy Agency (IAEA) it has been 
pointed out that, in view of the many uses 
already found in technologically advanced 
countries for radioisotopes and radiation 
sources in research and in industry, agri- 
culture and medicine, the Agency might be 
able to make its greatest immediate con- 
tribution to the welfare of many of its 
Member States by assisting them to ac- 
quire the knowledge 'and skills needed to 
make full use of radioisotopes and radiation 
sources. 

At the beginning of 1959, the IAEA made 
an inquiry on the present world-wide situ- 
ation with regard to the use of high energy 
radiation sources for radiotherapy. Ques- 
tionnaires were sent out to a number of 
radiotherapy centers in various countries. 
It was then intended to submit the results 
of tkis inquiry and certain recommenda- 
tions which might arise from them to a 
panel for consideration. 

In August, 1959 a study group was 
organized jointly by IAEA and the World 
Health Organization (WHO) and con- 
vened in Vienna under the chairmanship of 
Prof. Windeyer. Recommendations were 
drawn up by this study group with a view 
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to giving practical guidence on basic ге- 
quirements for using radioisotope tele- 
therapy or supervoltage radiation, espe- 
cially to those countries waere radiotherapy 
is not yet firmly established. The study 
group considered that its basic recommen- 
dations would be of value to: (1) all au- 
thorities who carry responsibilities for 
radiotherapy in the treatment of cancer; 
(2) those who are considering the establish- 
ment of radiotherapy centers; (3) prac- 
ticing radiotherapists; and (4) practicing 
radiation physicists. 

Subsequently, these recommendations 
were published together with some back- 
ground information obtained from the 
above mentioned inquiry.* These recom- 
mendations are now available in several 
languages, including English, French. 
Spanish, Russian, Chinese, German and 
Italian. Furthermore, these recommenda- 
tions have been endorsed by the Scientific 
Committee on Radiology of the Ministry 
of Health of USSR, which has taken them 
into account in planning their future pro- 
gram. 

At the same time, the Secretariat of the 
IAEA compiled а booxlet! containing 
specifications of teletherapy units available 
on the market, the supply situation of tele- 
therapy sources and prices. 

In view of the fact that at present a great 
number of radioisotope teletherapy units is 
used in places which have neither the staff 
nor the facilities to make their own dosi- 
metric measurements, th» IAEA has al- 
ready been requested by its Member 
States on several occasions to provide 
assistance in this respect. The above men- 
tioned study group also recommended that 
high priority should be given to the in- 
vestigation of problems of dosimetry in 
clinical practice. Early in 1960, the IAEA 
started a survey of existing data for dose 
distributions with high energy radiation in 
radiotherapy. The survey was carried out 
in cooperation with several national organ- 
izations, such as the American Association 
of Physicists in Medicine, the Hospital 
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Physicists’ Association in the United King- 


dom, the Swedish Hospital and Health 


Physicists’ Association, and individuals 
working in this field. A standard question- 
naire consisting of three parts, "single 
feld," "multiple and moving field," and 
"equipment in use or planned," was drawn 
up and sent out by these organizations and‘ 
individuals to major radiotherapy centers 
in their respective countries. 

In November, 1960 participants in this 
project were invited to a panel meeting on 
"Physical Data for Dose Distributions 
with High Energy Radiation" in Vienna. 
The main purpose of this panel was to re- 
view the data and information collected 
from this survey and to draw up some rec- 
ommendations with special consideration to 
making the existing data and charts ac- 
cessible for extensive use on an inter- 
national basis. 

This panel has recommended that the 
IAEA should act as an International Clear- 
ing House for providing physical data and 
information on radiation dose distributions. 
It has also recommended the preparation of 
of several publications, such as an inter- 
national catalogue of existing single field 
isodose charts, and atlases of representa- 
tive dose distributions of single, multiple 
and moving fields for teaching and refer- 
ence puposes. The report of this panel was 
also published.5 

Another important aspect of clinical 
dosimetry is the international comparabil- 
ity of dosimetric data. Another Study 
Group on the Standardization of Radio- 
logical Dosimetry for Radiation Beams met 
in Geneva in April, 1961, jointly sponsored 
by IAEA, WHO and ICRU. The results of 
this meeting will be reported elsewhere at a 
later date. 

'The above gives a short account on some 
work done by the IAEA in the field of 
medical application of radiation sources in 
the last two years. It is hoped that, with 
the continuous cooperation of radiothera- 
pists and physicists in all countries, this 
work will continue not only in the interest 
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of science but also for the welfare of man- 
kind. 
SUMMARY 


A classification has been made of the 
different types of radioisotope teletherapy 
units used in various countries according to 
their loading capacity in curies. There are 
18 models of cobalt units with a loading 
capacity of over 2,000 curies, 25 models 
with a capacity between 1,000-2,000 curies 
and 11 models with a loading capacity 
under 1,000 curies. The source activity re- 
quired and its loading are discussed. 

Since the first 2 cobalt teletherapy units 
were instaled in Canada in 1951, the 
number of units in use has increased to 
over 1,000. There are about 75 cesium 
units. The countries having the greatest 
number of units are USA, USSR and Japan, 
in that order. The number of units in each 
continent has also been estimated. 

One of the functions of the International 
Atomic Energy Agency is to assist research 
on and development of the use of radio- 
isotopes for medical purposes. A short ac- 
count is given on the activities of the IAEA 
in the field of radioisotope teletherapy. 


Department of Research 
and Isotopes, Section of Medicine 
International Atomic Energy 
Agency 
Kaerntnerring 11 
Vienna I, Austria 
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A CONCEPT OF RADIOSENSITIVITY 


В. concepts of radiosensitiv- 
ity were formulated within ten years of 
the discovery, in 1895, of the existence of 
the x-rays. These concepts were immortal- 
ized in the scientific literature of 1906 by 
Bergonié and Tribondeau.® Their work has 
recently been translated into English? and 
the basic concept of radiosensitivity of 
Bergonié and Tribondeau, which has been 
given the status of radiobiological “law,” 
may be quoted, in the words of the transla- 
tion, as: 


“X-rays are more effective on cells which 
have a greater reproductive activity; the effec- 
tiveness is greater on those cells which have a 
larger dividing future ahead, on those cells the 
morphology and function of which are least 
fixed." 


This concept may be freely intepreted to 
mean that those cells which have a greater 
reproductive activity than other cells have 
also a greater mitotic rate and that those 
cells which have a larger dividing future 
ahead, whose morphology and function are 
least fixed, are the "stem" cells of origin, as, 
for example, the germinal and basal cells of 
the genetic, cutaneous, and intestinal epi- 
thelia and the precursor cells of hemato- 
poietic tissue. Five decades of clinical radio- 
therapy experience allowed, or so it seemed, 
the classification of normal and malignant 
human cells according to a scale of relative 
radiosensitivities.! 

This concept, this basic “law,” of radio- 
sensitivity ought to be re-examined in the 
light of the theoretic and experimental 
radiobiological findings available today, 
fifty-hve years later, for the classic ap- 
proach to human cancer radiotherapy has 
rested largely upon this conceptual basis of 
Bergonié and Tribondeau. The importance 
of a periodic re-evaluation of a given con- 


cept is that applications related to the con- 
cept tend to become fixed in practice, 


whereas the evolution of.a new concept 


may carry with it implications for the con- 
current modification of applications. What, 
then, is a contemporary conceptual basis of 
radiosensitivity ? 

The biological objective of human cancer 
radiotherapy is the selective and permanent 
cessation of cell division for when this oc- 
curs individual cells neither survive nor do 
cell lines proliferate indefinitely. It is just 
this end point upon which rest contempo- 
rary quantitative radiobiological observa- 
tions of the effects of irradiation upon the 
dynamics of populations of cells.9:17.2527 Tt 
is to be expected that in those populations 
of cells which have a relatively high mitotic 
rate, those populations which "have a 
greater reproductive activity," the radia- 
tion injury to reproductive capacity would 
simply 'be more readily and more quickly 
manifest without necessarily implying 
greater inherent radiosensitivity. It is sim- 
ply that the apparent radiosensitivity, the 
immediately observable phenomenon, seems 
greater in the high-mitotic rate populations. 
The effect of this time sequence of events 
is seen quite strikingly in human irradiation 
where adult nervous tissue (non-dividing) 
and connective tissue (slowly dividing, low- 
mitotic rate) are said to be radioresistant 
while hematopoietic tissue (rapid-turn- 
over) is said to be radiosensitive. The situa- 
tion is found to be quite different, however, 
when the radiation responses of neuro- 
blasts? or of human fibroblasts? are 
studied. Further, differences in radiosensi- 
tivity are not demonstrable when the ir- 
radiation responses of a number of different 
mammalian cell lines maintained under 
similar conditions of cell reproduction have 
been compared.* 
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When, for example, a rapidly growing 
massive lymphoma filling of the 
thorax and a 2 cm. in diameter squamous 
cell carcinoma cervical lymph node metas- 
tasis are irradiated with equal doses of 
roentgen rays, the clinical effect in the 
former will be spectacula- and prompt but 
in the latter only moderate and delayed. 
These different clinical responses can be 
explained simply on the bases of mitotic 
and cell turnover rates and the time se- 
quence of the demonstrable effects without 
invoking any real difference in cell radio- 
sensitivity. Finally, it may be surmised that 
the nuclear DNA is the sensitive "target" 
material for the pertinent radiation re- 
sponse, reproductive capacity, and that, 
whatever is the nature of the “biological 
clock" which controls the rate of nuclear 
DNA synthesis and the time sequence of 
cell division, it is not refected in normally 
occurring compositional or structural dif- 
ferences in nuclear DNA so far regularly 
demonstrable by biochemists. One can only 
conclude, therefore, that there is a striking 
similarity of inherent radiosensitivity of 
mammalian cell lines af diverse origins, 
that this inherent гаа osensitivity is a 
property of the nuclear DNA, and that this 
inherent radiosensitivity can only be modi- 


fied by modification of tke nuclear DNA it- ` 


self. 

That such modifieation of the nuclear 
DNA and, in turn, of inherent radiosensitiv- 
ity may, indeed, be effected seems to be 
established by the radio>iological observa- 
tions made in quantitative mammalian cell 
systems under both in vf*ro!? and in vivo'® 
conditions by the substitution, through 
normal enzymatic anabolic processes, of a 
halogenated deoxyuridine riboside in the 
nuclear DNA. This substitution of a rel 1- 
tively heavy atom results in increasing the 
inherent radiosensitivity, perhaps by some 
disturbance of physicc-chemical equilib- 


rium of the nuclear DNA for the greatest. 


effect is associated with the halogen of high- 
est atomic number. It 8 highly question- 
able, however, whether һе chemical modi- 
fication of any cellular component other 


= 
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than the nuclear DNA results in actual 
modification of radiosensitivity. This, then, 
is the concept given the name of inherent 
radiosensitivity, a property residing in the 
nuclear DNA and subject to modification 
only as the nuclear DNA is itself modified. 

There are several biological and irradia- 
tion conditions which affect the radiation 
response quantitatively without any prior 
alteration of the composition of the nuclear 
DNA. Variation of the radiation response 
related to these extraneous factors is given 
the name of apparent radiosensitivity. These 
other conditions are the dose rate, the oxy- 
gen effect, the concentration of energy 
transfer events and associated reactive 
radiochemical species, and, in respect to 
tumors, volume. 

It has long been known that populations 
of cells, e.g., tumors, may recover from radi- 
ation effects and a quantitative concept of 
the degree of this recovery has been formu- 
lated for human cancer radiotherapy.? The 
unit cellular basis of this recovery phenom- 
enon has, however, only recently been 
established іи vitro by showing that the 
repair of sublethal radiation injury is com- 
pleted before the first postirradiation divi- 
sion.* These general findings have been 
confirmed quantitatively in vivo.” The radio- 
biological principle of repair of sublethal 
cell injury implies that injury has to be, so 
to speak, accumulated before the lethal 
effect, the permanent cessation of cell divi- 
sion, is manifest. In other words, this injury 
is not a single, all or none, event but an ac- 
cumulation of events; there exists a thresh- 
old level of injury. This threshold condi- 
tion obtains in respect to irradiation. with 
x-rays and electrons for mammalian cells 
where the nuclear DNA has not been 


"chemically modified. That this threshold 


condition may not obtain when the nuclear 
DNA has been modified by incorporation 
of a halogen is suggested by the radio- 
biological experiments previously referred 
to? and it does not obtain when irradia- 
tion is with high specific ionization (high 
LET) radiations.^" Because of this thresh- 
old injury phenomenon and associated 
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cell recovery, the effects of divided doses 
of x-rays on populations of cells, whether 
these are free cell cultures or organized as 
tumors, are not fully cumulative. The effect 
of manipulation of the interrelationship of 
dose and time in human cancer radio- 
therapy in the hope that the partially cu- 
mulative effects of irradiation would differ 
sufficiently from normal tissue to tumor 
tissue to result in differences in apparent 
radiosensitivity has been extensively 
studied.*8-5 On the basis of the evidence, 
one must conclude, however, that there are 
not important differences in radiosensi- 
tivity which become manifest by such 
manipulation of dose and time.’ On the 
bases of the radiobiological studies of the 
dynamics of cell populations previously re- 
ferred to, important differences are not to 
be expected because the thresholds of injury 
of human cell culture lines show no marked 
differences. On the other hand, absolute 
changes in the apparent radiosensitivity of 
& particular cell line do occur if a given dose 
is administered over an extended period of 
time in fractions at intervals rather than 
as single exposure of short duration. Cer- 
tain theoretic considerations and other 
implications of these radiobiological phe- 
nomena for human cancer radiotherapy 
have been expertly treated! 

Radiation injury is produced along the 
tracks of ionizing particles and its degree is 
related to the spatial relationships of the 
energy-exchange events associated with 
ionization and excitation along these tracks. 
These energy-exchange events produce, in 
tura, reactive radiochemical species in con- 
centrations which are both proportional to 
the spatial relationships of the energy- 
exchange events themselves and related to 


the presence or absence of oxygen, for the ` 


presence of oxygen may increase the yield 
of the reactive radiochemical species. The 
spatial relationships of the energy-exchange. 
events are called the specific ionization (or 
linear energy transfer, LET) of the radia- 
tion and the relationship of oxygen to the 
concentration of reactive radiochemical 
species is called the oxygen effect. The 
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effect of the presence of oxygen is substan- 
tially greater in the case of low specific 
ionization than in the case of high specific 
ionization radiations. X-rays and electrons 
are low specific ionization radiations; most 
accelerated particles are high. The oxygen 
effect in the case of the former is great and 
the effect of oxygen on the apparent radio- 
sensitivity of mammalian cell lines to x- 
rays, in both iz offro“ and in vivo? studies, 
has been shown to result, in respect to 
anoxic irradiation, in a response ratio of 
almost 3:1. The implications of the oxygen 
effect on apparent radiosensitivity have 
been reviewed.™ Similar radiobiological 
studies of the effects of high specific ioniza- 
tion radiations on the dynamics of mam- 
malian cell populations and their apparent 
radiosensitivity have been performed to 
only a very limited degree with in ойго! 
and iz vivo! quantitative cell systems. These 
limited studies suggest that there are two 
effects of these high specific ionization 
radiations on apparent radiosensitivity, 
one being the attainment of the same ap- 
parent radiosensitivity in the absence of 
oxygen as is attained with x-rays in the 
presence of oxygen? and the other being the 
elimination of the threshold region of the 
radiation response, this latter implying that 
injury is not repairable and, therefore, 
that divided doses are fully cumulative. 
There are, then, these two effects of high 
specific ionization radiations, the one being 
the increase of response in conformity with 
the response to low specific ionization 
radiations under conditions of oxygenation 
and the other being the elimination of the 
threshold response. These effects occur 
without any prior modification of inherent 
radiosensitivity. 

‚ STumor volume itself has an important 
effect upon the apparent radiosensitivity of 
populations of cells. The larger the tumor 
the greater, in general, is the number of 
viable cells and, therefore, the less the 
probability that a given dose of radiation 
will destroy the total number of cells. The 
larger the tumor the more likely, in general, 
that the blood supply of portions of it will 
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be compromised and, therefore, that these 
portions will be relatively hypoxic. Thess 
two characteristics, cell number and the 
oxygen effect, working either singly or ia 
combination, affect the apparent radio- 
sensitivity of organized populations of cells. 
The theoretic and practical implications >f 
the relationship of tumor size to apparent 
radiosensitivity have been described. =?" 

A distinction should Бе made, in reference 
to human cancer radiotherapy, between 
what is meant by modification of the radia- 
tion response and what is meant by 
modification of radiosensitivity, in zhe 
sense in which concepts of inherent end 
apparent radiosensitivity have been de- 
veloped above. The modification of the 
over-all radiation response is dependent up- 
on many factors. The widespread uss of 
certain pharmacologic agents—the alkrlat- 
ing agents, the antimetabolites, the anti- 
biotics, in various combinations with radio- 
therapy may and probably does modify the 
over-all patient rad:ation response. Cer- 
tain other pharmacologic agents modify 
the radiation response in the direction of 
“protection” and it 28 probable that many 
of these latter agents produce their effects 
simply by reacting selectively with reactive 
radiochemical species or with oxygen. It has 
not been shown, however, that any o? these 
agents modify inhe-ent radiosensitivity in 
the sense which has' been developea here. 
These considerations suggest, then, that a 
more direct attack should be made on the 
nuclear DNA in the sense of effectirg com- 
positional or structural changes in the 
DNA, such as occur with the thymidine 
congeners discussed above. Fast neutrons, 
relatively high specific ionization radiations 
producing most biological events Ey recoil 
protons, may be generated in a veriety of 
energies suitable for human cancer radio- 
therapy. 'The use of fast neutrons in human 
cancer radiotherapy has been investigated 
and condemned** but this was ai a time 
when the dosimetry and the geometric re- 
lationships of neutron absorption in tissue 
were uncertain and when the current radio- 
biological concepts of thresholds and ap- 
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parent radiosensitivity “were unknown. 
These considerations provide a basis for the 
re-exploration of the use of fast neutron 
beams in human cancer radiotherapy. The 
oxygen effect, in respect to high oxygen 
pressure irradiation, on apparent radio- 
sensitivity is being exploited in human can- 
cer radiotherapy research studies”? but the 
converse, irradiation in the hypoxic or 
anoxic state, is not. And it is interesting 
to speculate on what effects might occur if 
both inherent radiosensitivity and appar- 
ent radiosensitivity were modified simul- 
taneously. 

In conclusion, current radiobiological 
theories and findings suggest the formu- 
lation of a new concept of radiosensi- 
tivity, a dual concept of inherent and ap- 
parent radiosensitivity. Inherent radiosen- 
sitivity is a property of the nuclear DNA 
with little, if any, differences among dif- 
ferent mammalian cell lines but subject to 
modification by modification of the nuclear 
DNA itself, while apparent radiosensitivity 
is a condition of the circumstances of the 
irradiation and of the parameters of the 
observed responses. We may redefine radio- 
sensitivity, then, as the condition of cell 
radiation response obtaining as a conse- 
quence of both intrinsic characteristics and 
extrinsic conditions. This conceptual re- 
examination of radiosensitivity and the 
redefinition of it carry implications for both 
the theoretic possibility of modifying radio- 
sensitivity and the rational and practical 
means for so doing. 

J. ROBERT ANDREWS 
Building 10, Room 1B37A 


National Institutes of Health 
Bethesda 14, Maryland 
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THE UNDERGRADUATE TEACHING 
OF RADIATION THERAPY 


С6Т TNDERGRADUATE teaching of 

neoplastic diseases, both in time 
and content, is not commensurate with the 
importance of the disease, which now ranks 
second as a cause of deatk in this country.” 
Although this statement was made several 
years ago by the National Advisory Cancer 
Council after evaluating fifty-five medical 
school programs, it still holds true today. 
Since better than average interns fre- 
quently lack an adequate understanding of 
malignant disease, this, too, would seem to 
indicate that the medical school curriculum 
does not provide adequa-e coverage of this 
subject. The Council concluded that the 
subject was too broad to be under the con- 
trol of any single division of the medical 
faculty and that no one man can master 


the whole field of cancer or be capable, by · 


himself, of giving comprehensive instruc- 
tion in cancer prevention, diagnosis, treat- 
ment, and after care. 

One of the weak linEs in the chain of 
cancer instruction in medical schools is the 
omission of a course in Radiation Therapy 
from the curriculum. The reasons for this 
omission are due to three common factors 
according to Buschke, as presented at the 
recent meeting of fhe American Club of 
Radiotherapists. Firstlz, there is a block 
against the teaching o7 radiation therapy 
because of the emphasis on technical factors 
and association with hopeless cases. Sec- 
ondly, there is a lack of teaching due to 
inertia of faculty members and inadequate 
staff to teach the subject properly. Thirdly, 
there may be ignorance on the part of in- 
ternists and surgeons concerning the value 
of radiation therapy in zancer management. 

To develop a good teaching program, a 
radiologist must be aware of the needs of 
the student and must have an interest and 
capacity to commuricate his ideas to 
others. At the undergraduate level, the 
course, ideally, should be one of Oncology 
rather than Radiation Therapy per se. The 


radiotherapist is eminently qualified to 
teach oncology in major university medical 
centers since, as a rule, he sees and treats 
more cancer patients than the surgeon or 
the internist. He is frequently responsible 
for the care of a much larger number of 
patients who are referred by many col- 
leagues in different disciplines. The cases 
of cancer he encounters cover a broad 
spectrum of all types and stages of this 
disease. To be competent in practicing 
radiation therapy, he must not only be 
thoroughly familiar with radiotherapeutics 
but also with the indications for surgical, 
hormonal, and chemotherapeutic measures. 

The following four basic principles must 
be used to establish a solid medical school 
program in Radiation Therapy: 

I. The course in Oncology should be 
organized so that the radiotherapist is 
responsible for a major part of the teaching 
in conjunction with the surgeon, internist, 
and pathologist. 

2. The second principle is that the teach- 
ing of Radiation Therapy should emphasize 
the indications and contraindications for 
therapy and not radiotherapeutic tech- 
niques. The emphasis should be on the care 
of the patient with cancer rather than on 
physics, isodose curves, and high-energy 
instrumentation which tends to reduce the 
clinical impact of the discipline. 

3. The third principle, which is the key 
message of the radiotherapist, is that 
radiation therapy can cure cancer and that, 
in a large number of selected cases, it is 
the treatment of choice. This should be 
amplified and demonstrated in every pos- 
sible way, since the present impression one 
gains from speaking to interns and resi- 
dents from various areas of the country and 
in our own University Hospital is that the 
radiotherapist sees only hopeless patients 
and deals with inoperable or with residual 
and recurrent cancer after surgery. 

4. The fourth principle is that of estab- 
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lishing contact between the Radiation Ther- 
apy Department and medical students so 
that they become actively involved in the 
workings of the Department and under- 
stand its operation at all levels. This can 
be done in a number of ways and, depend- 
ing on the local situation, can be imple- 
mented at different times. One of the sug- 
gestions of Dr. Henry S. Kaplan at Stan- 
ford University is that of offering summer 
research fellowships for students in radio- 
biologic subjects. 

The teaching of Oncology can be oriented 
in one of three ways in the medical school 
curriculum. 

1. Horizontal teaching: Here, the in- 
struction in cancer is carried out inde- 
pendently and without interdepartmental 
coordination by a medical school depart- 
ment to the extent that the disease is the 
concern of the department. 

2. Vertical teaching: In this case the 


teaching of cancer is through an inter-: 


departmental coordinated approach. 

3. "En block" teaching: This means that 
a block of time, usually in the clinical 
period, is reserved for concentrated efforts 
of all departments concerned to both orient 
and instruct the student. 

The National Cancer Institute study “A 
survey and analysis of the cancer teaching 
programs of thirty-one schools of Medicine 
in the United States," by Wilcox! should 
be of interest to all radiologists involved in 
teaching. The surprising finding of this 
study was that senior students exposed to 
departmental oriented curriculum scored 
significantly higher in testing than those in 
interdepartmental programs; the reverse 
was true in the sophomore students. This 
could be interpreted to mean that pre- 
clinical sciences lend themselves better to 
an interdepartmental approach, whereas in 
the third and fourth years the clinical pro- 
gram might better be done on a depart- 
mental level. 

1 Wilcox, ЇЧ. Elane, Ph.D. A survey and analysis of the cancer 
teaching programs of thirty-one schools of Medicine in the United 
States. University of Southern California School of Medicine 


Printing Department. Investigation supported by the National 
Cancer Institute. 
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A sample curriculum for teaching under- 
graduates Radiation Therapy and its re- 
lated subjects could include: 

First year. An introduction to the use of 
radioisotopes. This can be integrated with 
the Biochemistry and Physiology courses. 

Second year. A coordinated course in 
Radiobiology in which the interreaction of 
ionizing radiation and biologic systems is 
explored from the point of view of the dif- 
ferent basic sciences. The physical event is 
translated successively into chemical and 
biochemical events which result in biologic 
injury. The hazards of radiation exposure 
are explained. A minimum of Io lectures is 
advised to accomplish this purpose. 

Third year. A strong departmental pro- 
gram presenting the principles of radiation 
therapy, stressing clinical indications and 
limitations and not techniques. Organiza- 
tion is based on different anatomic sites 
and organ systems and includes a minimum 
of 1o hours or, ideally, 20 hours. 

Fourth year. An interdepartmental as 
well as a departmental approach is advised 
including Tumor Conferences, Tumor 
Board Meetings, and Tumor Clinics in 
which current cases are presented for dis- 
cussion by all concerned. These seminars 
and symposia should be held at regular 
intervals so that the team approach to 
cancer is recognized by the student. Elec- 
tive clerkships and Visiting lecturers in 
radiation therapy allow for opportunities 
for the students to develop deeper interests 
by exposure to stimulating ideas. 

Elective teaching programs will have a 
number of far-reaching effects in the field of 
radiation therapy. They will provide for 
informed practicing physicians in the 
future, who will be more fully aware of the 
potential benefits of radiation therapy. 
More important, a stimulating program 
will act as a source of future recruitment 
for radiotherapists without which the 
specialty will flounder rather than flourish. 

Рнплр Rusin, M.D. 


The University of Rochester Medical Center 
260 Crittenden Boulevard 
Rochester 20, New York 
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GIOACCHINO FAILLA 
1891-1961 


“THIS county lost one of its most il- 
lustrious radiological physicists when 
Dr. Gioacchino Failla was killed in an 
automobile accident on December 15, 1961. 
Dr. Failla was not only responsible for 
many of the most outstanding achieve- 
ments in a broad field of science; it was 


largely due to his imagination and pioneer- 
ing efforts that radiological physics as a 
discipline of great depth could contribute 
in many important ways to radiological 
medicine and radiobiology. 

Gioacchino Failla was born on July 19, 
1891 in Castelbuono, Palermo, Italy and 
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was brought to the United States in 1906. 
He entered Columbia University in 1911 
and received his E.E. degree in 1915. He 
then joined the New York Memorial 
Hospital in 1915 and remained with this 
institution until i943 when he became Pro- 
fessor of Radiology and Director of the 
Radiological Research Laboratory at Co- 
lumbia University. He retired from Colum- 
bia in 1960 and became Senior Physicist 
Emeritus at the. Radiological Physics Di- 
vision of the Argonne National Laboratory. 
He received his A.M. dégree from Columbia 
University in 1917 and.upon recommenda- 
tion of Mme. Curie his D.Sc. degree from 
the University of Paris in 1923. | 

It is extremely difficult to present a sum- 
mary of Dr. Failla’s professional accom- 
plishments—not only because of their 
great number and variety but also because 
of the many inspiring ideas and useful 
advice he so generously gave to his col- 
laborators and other colleagues. And while 
he has written numerous papers, much of 
his work remains unpublished. 

Dr. Failla's engineering talents were 


most valuable in the ádaptation of radia- 


tion emitting substances and devices into 
practical sources for therapy and radiobiol- 
ogy. He developed the first radon plants at 
Memorial Hospital and then invented the 
radon gold seed technique. He designed the 
first radium "bomb" having a shutter and 
the first to be shielded by mercury. He 
designed a number of other radium and iso- 
tope teletherapy units including a multi- 
source radium unit for the Roosevelt Hos- 
pital in New York and recently a highly 
efficient cesium irradiator for the Woods 
Hole Marine Biological Laboratory. He in- 
vented the 2 tube, self-rectified x-ray circuit 
and built a number of such installations as 
well as a number of high voltage x-ray 
units. He is also responsible for many acces- 
sory devices such as the “water tank” 
window, adjustable x-ray collimators, safety 
switches, and positioning devices. His 
designs were prime examples of ingenuity 
and effectiveness. | 
Gioacchino Failla made decisive contri- 
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butions in the establishment of the con- 
cepts of exposure dose and absorbed dose. 
Perhaps his most brilliant achievement in 
the field of experimental dosimetry was his 
transformation of the ionization cham- 
ber—ordinarily a simple and pedestrian 
device—into a bewildering multitude of 
shapes and types. He conceived the extra- 
polation chamber, the tissue equivalent 
ionization chamber, the wallless ioniza- 
tion chamber, the liquid electrode chamber, 
the 2 pi vacuum chamber for the measure- 
ment of В-гау activity, and a host of lesser 
types too numerous to mention. He pio- 
neered in the measurement of the minute 
currents produced by ionization chambers 
and invented such instruments as the 
floating grid vacuum tube electrometer, 
the rotating potentiometer current com- 
pensator, and the first ionization chamber 
with flexible leads. 

It was unavoidable that Dr. Failla should 
become greatly interested in radiobiology. 
Virtually throughout his entire scientific 
career he had at least one radiobiologist 
at his laboratory and it is particularly in 
this area that the magnitude of his con- 


tribution is difficult to document since he 


made numerous important suggestions to 
his colleagues in most major areas of radio- 
biology. He did publish papers on such 
subjects as relative biological effectiveness, 
osmotic imbalance: as' result of irradiation, 
and carcinogenesis and aging. 

All of this work was performed 7simul- 
taneously with extensive and distinguished 
services to the scientific community and to 
the nation. Gioacchino Failla was Assistant 
to the Scientific Attaché at the Rome Em- 
bassy as early as 1918. He served in a mul- 
titude of capacities with virtually every 
important society in his field and was the 
moving spirit in the founding of the Radi- 
ation Research Society. He served the 
Manhattan District and later the Atomic 
Energy Commission in a great number of 
important projects. He was Consultant to 
the U. S. Public Health Service, the Veter- 
ans Administration, a number of National 
Laboratories and many other organizations. 
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Dr. Failla's activities in the feld of: 
radiation protection were of cardinal im- 
portance. He was associated from the 
beginning with the National Committee on 
Radiation Protection and its predecessor, 
the National Advisory Committee for 
X-ray and Radiation Protection. He served 
on the Main Commissions of both the 
ICRP and the ICRU. He proposed the 
first generally accepted “‘tolerance dose” of 
0.1 г per day and was Chairman of the 
respective committees and subcommittees 
of the ICRP and NCRP that decided on 
subsequent reductions of this figure. He 
is principally responsible for the author- 
ship of NCRP Handbook 59 which, al- 
though published seven years ago and 
mostly written well before then, contains 
- the basic concepts and tenets of current 
protection philosophy and expresses them 
with exceptional lucidity. 

The vast spectrum of achievements out- 
lined above requires extraordinary gifts of 
mind and character and to anyone who 
knew him, Dr. Failla was a truly great 
man. He was therefore also a humble and a 
kind man. The path of his life touched that 
of many others. These men and women 
came from all stations of life, but he had 
gifts for all of them, whether they be in the 
form of wisdom, knowledge or kindness. 

Gioacchino Failla and Marie F. Muller 
married in 1925 and had two daughters who 
since have married and have children of 


their own. The first Mrs. Failla died in 
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1936. Patricia McClement married the 


` “Chief”? in 1949 and their marriage was 


singularly happy because of the personal 
charm and professional competence of 
both partners. 

The world of science has expressed its 
indebtedness to Dr. Failla many times. He 
was awarded the Leonard Prize of the 
American Roentgen Ray Society and the 
Janeway Medal of the American Radium 
Society, the Caldwell Medal of the Amer- 
ican Roentgen Ray Society, the Gold 
Medal of the Radiological Society of North 
America, and the Ewing Society Medal. He 
received an Annual National Award from 
the American Cancer Society, an honorary 
doctorate from the University of Rochester, 
and he was elected an honorary member of 
the British Institute of Radiology. The 
last recognition bestowed upon him was 
an honorary membership in the Radio- 
logical Society of North America. After a 
special scientific session in celebration of 
his seventieth birthday and upon -pres- 
entation of a scroll, Failla remarked that 
he anticipated serving science for years to 
come. In view of his undiminished vigor 
and youthfulness he merely expressed a 
universal conviction. His fatal accident 
only 15 days later was therefore a terrible 
shock to all of us. Yet our bitter sorrow 
over all we have lost must be tempered by 
our deep gratitude for all we were given. 


Hararo H. Rossi, Рн.Р. 
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NEWS ITEMS 








COURSE IN CLINICAL USE OF 
RADIOACTIVE ISOTOPES 

A course in the clinical use of radioactive 
isotopes will be given under the supervision 
of Dr. Sergei Feitelberg and Dr. Edith 
Quimby of the Department of Radiology, 
Columbia University, New York City, 
from June 4 through June 29, 1962. This 
is a full-time course which includes lec- 
tures, experimental laboratory exercises, 
clinical rounds and clinical measurements 
on patients and on specimens. In addition 
to Drs. Feitelberg and Quimby, the teach- 
ing staff will include a number of invited 
lecturers from the New York area, each 
presenting material in his own special field. 

Enrollment in the class is limited to 20; 
the fee is $300. 

Inquiries should be addressed to Dr. 
Sergei Feitelberg, Mt. Sinai Hospital, 
Fifth Avenue at tooth Street, New York, 
New York. 


COURSE İN RADIATION THERAPY 
IN DERMATOLOGY, 


A two month course in basic physics and 
the practical use of radiation therapy in 


dermatology will be offered at the Queens 
Hospital Center by the Radiation Medi- 
cine and Dermatology Departments. The 
course will be held Wednesdays (5:30 to 
7:30 р.м.) from April 4, 1962 to May 23, 
1962. The tuition fee is $75.00. 

For further information, please apply to 
Dr. Philip J. Kahan, Supervising Medical 
Supt., Queens Hospital Center, 82-68 164th 
Street, Jamaica 32, New York. 


JOSEPH AND SAMUEL 
FREEDMAN LECTURE 


On Saturday and Sunday, April 28 and 
29, 1962, Dr. John Evans, Director of 
the Department of Radiology, New York 
Hospital, Cornell Medical Center, will. 
deliver the 12th annual Joseph and Samuel 
Freedman Lecture in Diagnostic Radiology 
at the University of Cincinnati College of 
Medicine. There will be no charge for the 
lectures. 

Radiologists desiring to attend are re- 
quested to write Dr. Benjamin Felson, 
X-Ray Department, Cincinnati General 
Hospital, for further details. 
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NATIONAL BUREAU OF STANDARDS 
SCATTERING FROM A COBALT 60 CALIBRATING SOURCE 


I IS often assumed that gamma radia- 
tion beams from large cobalt 60 sources 
contain 1.17- and 1:33-mev. photons only. 
However, energy degradation resulting 
from Compton scattering of the radiation 
produces a spectrum of many energies. In 
calibration work, especially in the inter- 
comparison of instruments in different 
laboratories, the ability to define the spec- 
trum is important, as many instruments 
are energy dependent. It is also important 
to know the radiation spectrum in thera- 
peutic treatments, as the beam energy, and 
thus the dose absorbed in the patient's 
body is dependent upon the amount of 
scattering. 

L. Costrell of the National Bureau of 
Standards has made an experimental deter- 
mination of the amount and energy of 
scattered radiation coming from large co- 
balt 60 sources. The results of this determi- 
nation can be used to estimate the amount 
of scattered radiation arising in the various 
components of typical multicurie calibrat- 
ing and radiology sources. 

Scattering can arise in four components 
of a cobalt 60 source—the source material 
itself, the capsule, the head, and the col- 
limator. To deterrhine the amount of 
scatter arising in each of these components, 
measurements were made on a series of 
sources, fabricated to simulate a wide range 
of conditions. 

Measurements of beam spectra were 
made with a scintillation spectrometer, the 
detector of which consisted of a thallium- 
activated sodium iodide crystal 4 in. long 
and 5 in. in diameter, and a 5-іп. photo- 
multiplier tube. А 12-in.-long lead colli- 
mator, placed in front of the crystal, 
limited the diameter of the impingent 
beam to 1.5 in. The spectra were accumu- 
lated in one-half the memory of a 256- 
channel pulse height analyzer; the back- 
ground spectrum was recorded in the other 
half and subtracted from the data of each 


run. A tiny cobalt cylinder containing 
about 1 mc of cobalt 60 was used to deter- 
mine the response of the detector to an 
essentially zero-scatter source. 

Procedure. A series of steps was required 
to determine the scattered radiation spec- 
trum for each source. First, a curve of 
count-rate versus energy absorbed in the 
scintillator was obtained for the “zero 
scatter" source. Using this curve, the 
photofraction and detector efficiency were 
determined as a function of energy. Then 
curves of count versus energy were ob- 
tained for the various sources and normal- 
ized to the same integrated count rate in 
the photopeak as the zero scatter curve. 
The latter curve was subtracted from the 
normalized curve for each source and the 
difference curves were plotted to corre- 
spond to a total count rate of 100 in the 
photopeaks. The photofraction and effi- 
ciency data were used along with curves of 
the detector response to monoenergetic 
photons to construct a matrix which was 
inverted on a computer to "unscramble" 
the difference curves and give curves of 
scattered photons versus scattered photon 
energy. 

This procedure was necessary because of 
those Compton collisions within the crystal 
in which the scattered photon (or its de- 
scendent) escapes from the crystal. In such 
cases the energy absorbed in the crystal is 
less than the energy of the impinging 
quanta. Thus, some of the counts at any 
given energy are contributed by gamma 
ray photons of higher energy. The “un- 
scrambling" has taken this into account in 
converting "count-rate" curves to "inci- 
dent photon" curves. Finally, curves of 
radiation intensity versus photon energy 
were obtained by weighting the number of 
photons in the curves by the energy and 
normalizing to a total intensity of 100 in 
the photopeaks. 

Results. The results of this investiga- 
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tion! show that the encapsulated source 
material contributes heavily to the scat- 
tered radiation. Therefore, low-scatter 
multicurie sources must utilize material 
of high specific activity. One of the sources 
used, simulating a widely used teletherapy 


1 For further information, see “Scattered radiation from large 
cobalt бо calibrating sources,” by L. Costrell, Health Physics (to 
be published), 
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source and consisting of a basic encapsu- 
lated source surrounded by steel shot to 
simulate cobalt 60 pellets, was found to 
scatter 13.3 per cent of the total radiation. 
With a head emplaced, 15.4 per cent was 
scattered, and with a head and collimator 
14.6 per cent. The other sources, having 
smaller masses, scattered correspondingly 
less radiation. 
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BOOK REVIEWS 











Books sent for review are acknowledged under: Books Recesved. This must be regarded as а sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 





Tue Puysics or RanroLoov. Second edition. 
By Harold Elford’ Johns, M.A., Ph.D., 
F.R.S.C., LL.D., Professor of Physics and 
Professor of Medical Biophysics, University 
of Toronto; Head, Physics Division, On- 
tario Cancer Institute, Toronto, Canada. 
Cloth. Pp. 767, with many illustrations and 
tables. Price, $23.00. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ш., 1961. 


This book is classed as a second edition of an 
earlier work (1953) entitled “The Physics of 
Radiation Therapy” by Professor H. E. Johns 
which has had wide acceptance among both 
teachers and students of radiological physics. 
The earlier edition was particularly useful for 
its clarity of presentation of concepts, some- 
times difficult for the radiologist to grasp, and 
its valuable guidance in practical radiological 
physics problems. 

The present work is much more than a re- 
vised second edition; not only have many new 
chapters been added which justify the broader 
title but the previous book has been completely 
re-written and almost all the chapters contain 
considerable new material presented in a rather 
more sophisticated manner than before. The 
enlargement of the material has resulted in a 
volume more than twice the size of the former 
edition. 

The new chapters include such titles as: 
Absorbed Dose; High Energy and Teletherapy 
Machines; Rotation Therapy; Clinical Use of 
Radioisotopes; Physical Principles of Diag- 
nostic Radiology; Radiation Protection; Radio- 
biology. Each of these has been treated with 
the thoroughness and clarity characteristic of 
the earlier edition. The author's emphasis on 
the use of high energy and teletherapy machines 
for beam radiation therapy demonstrates 
clearly the change that has come over the 
"hardware" of radiation therapy in less than a 
decade. Dr. Johns' experience and the practical 
guidance offered to the reader of this volume 
will be of particular usefulness to the radiologist 
just beginning to work with high energy or 
teletherapy devices. 

The physicists will be pleased to note the 





emphasis placed on absorbed dose throughout 
and the many instances where examples are 
provided to guide the reader on the conversion 
from measured exposure dose in roentgens to 
tissue absorbed dose in rads. This is a step that 
must be taken with care and all the relevant 
data are contained in this volume to make the 
conversion under a variety of circumstances. 

An outstanding feature of this volume is the 
great wealth of tables, illustrations, examples 
and problems provided. Most of the chapters 
also have very useful summaries. Two large ap- 
pendices contain tables of absorption coeffi- 
cients, stopping powers, conversion factors 
from roentgens to rads and extensive depth 
dose tables. The illustrations and examples will 
be particularly appreciated by the less well- 
informed reader, while much of the tabular 
data will be useful not only to radiologists but 
to many radiological physicists also. 

At a time when che field of radiological phys- 
ics is being subdivided more and more into sub- 
specialties, as many other recent textbooks at- 
test, the broad scope of the material so well pre- 
sented in this volume is particularly welcome. 
I venture to predict that no one interested in or 
concerned with the field of radiological physics, 
whether as an active worker, student or teacher, 
will want to be without this volume. 

W. К. SiNcLAI, Рн.Р. 


Tue Basic Paysics or Rapration THERAPY. 
By Joseph Selman, M.D., Clinical Assistant 
Professor of Radiology, The Southwestern 
Medical School, University of Texas; Direc- 
tor, School of X-Ray Technicians, Tyler Jun- 
ior College; Chief of Radiology Service, 
Medical Center Hospital; Attending Radiol- 
ogist, Mother Frances Hospital; Consultant 
in Radiology, East Texas Tuberculosis Hos- 
pital, Tyler, Texas. Cloth. Price, $14.50. Pp. 
671. Charles C Thomas, Publisher, 301-327 
East Lawrence Avenue, Springfield, Il., 
1960. 

This volume, like the author’s “Fundamen- 
tals of X-Ray and Radium Physics” starts with 
a brief review of simple mathematics. A sketchy 
review of basic physics follows, scarcely ade- 
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quate for understanding applications to the 
field of radiology, if the book is to stand alone. 
The content includes interaction of radiation 
and matter, production and measurement of x- 
rays, and radioactivity. Treatment planning 
and dosimetry with teletherapy sources and 
interstitial radium or radon are also included. 

Where the emphasis in the earlier book was 
on diagnostic radiology, here the emphasis is 
on therapy, except for a section on the diag- 
nostic use of radioisotopes and one on radio- 
biology. Where the first book was confined 
strictly to physics, the present one includes 
some discussion of medical aspects of the radio- 
isotope tests and of principles of radiation 
therapy. 

Apparently in an effort to simplify the sub- 
ject, the author omits some important points; 
some of the data are not the latest and most re- 
liable available; and some errors have crept in. 
The preface states that the book is intended for 
second year student technicians, radiology resi- 
dents, and radiologists desiring a refresher 
course. 

Lucitte A. Du SaurT 


CARCINOMA In SITU or THE UTERINE CERVIX; 
A Ѕторү or 235 Cases FROM THE FREE Hos- 
PITAL FOR Women. By Gilbert Н. Friedell, 
M.D., Associate Pathologist, Massachusetts 
Memorial Hosptials; Assistant in Pathology, 
Harvard Medical School; Associate in Pathol- 
ogy, Boston University School of Medicine, 
Boston, Massachusetts; Arthur T. Hertig, 
M.D., Shattuck Professor of Pathologic 
Anatomy and Head of the Department of 
Pathology, Harvard Medical School; Con- 
sultant in Pathology, Free Hospital for 
Women and Boston Lying-In Hospital, 
Boston, Massachusetts; and Paul A. Younge, 
M.D., Assistant Clinical Professor of Gyne- 
cology, Harvard Medical School; Associate 
Chief Surgeon, Free Hospital for Women, 
Boston, Massachusetts. Cloth. Price, $7.50. 
Pp. 154, with 98 illustrations. Charles C 
Thomas, Publisher, 301-327 East Lawrence 
Avenue, Springfield, Ill., 1960. 


With the increasing availability of routine 
cytologic techniques, there has been an increas- 
ing interest in the diagnosis and treatment of 
pre-invasive carcinoma of the cervix. This 
monograph reports a study of 235 cases from 
the Free Hospital for Women, with a compre- 
hensive account of the historic background, 
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pathologic anatomy, clinical findings, cytology, 

and various forms of therapy employed. The 

excellent photomicrographs serve well to illus- 
trate the text in a quite complete discussion of 

the various stages of cervical dysplasia and 

anaplasia. 

The therapy employed included almost all 
conceivable types of surgery and irradiation 
available, both separately and in combination. 

Discussion of the results is divided into three 
categories based on the original diagnosis which 
was later confirmed or changed to carcinoma 
in situ. Category 1 includes 86 cases which were 
treated originally. because of a diagnosis of 
some nonmalignant disease. Category 11 (97 
cases) comprises those in which the first and 
final diagnosis was carcinoma in situ. Both of 
these groups were treated primarily by surgery. 
The 49 cases in Category ш were originally 
diagnosed as invasive squamous carcinoma and 
later “downgraded” to im situ lesions. The 
treatment in this group was primarily some 
form of irradiation. | 

The philosophy of treatment in the various 
age groups is also considered. | 

For physicians involved in the diagnosis and 
treatment of carcinoma of the cervix, this is a 
most worthwhile addition to their library. 

DannzLL E. Sratzer, M.D. 


DISEASES OF THE INTERVERTEBRAL Disc AND 
Irs Surrounpinc Tissues. By Reuben 
Rabinovitch, B.A., M.Sc., M.D., Assistant 
Professor in Neurology and Neurosurgery, 

` McGill University, Faculty of Medicine, 
Montreal; and Assistant Neurologist, The 
Department of Neurology and Neurosurgery, 
The Royal Victoria Hospital and The Mont- 
real Neurological Institute. Cloth. Price, 
$8.50. Pp. 152, with 78 illustrations. Charles 
C Thomas, Publisher, 301-327 East Law- 
rence Ávenue, Springfield, Ill., 1961. 


The author presents some original basic work 
on intervertebral disc disease with several cases 
to emphasize his ideas and a brief review of the 
literature. He is particularly interested in the 
etiology of multiple disc disease. Studies are 
presented on hydration and dehydration of discs 
and he postulates that certain general diseases, 
hormones or chemical changes in the body may 
alter the water content of the disc and thereby 
initiate degeneration of many discs. 

A methyl green-acid fuchsin stain has been 
developed in order to be able to follow changes 
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from the healthy to the diseased disc. He be- 
lieves that although trauma may sometimes be 
the sole etiology of ruptur2d disc, frequently 
pre-existing disease allows oaly minor injury or 
absence of trauma to cause a rupture of the disc. 
Many kinds of surgical trauma have been 
produced to normal discs of monkeys and 
rabbits in order to follow the disc degeneration 
and repair. These have beer described in detail 
from the roentgen, clinical and autopsy studies. 
A logical explanation for tke predominance of 
symptomatic disc protrusions in the lower 
cervical and lower lumbar regions is given. 
The book offers another stepping stone 
toward a better understanding of disc disease. 
Franx M. Wrnprow, M.D. 


BOOKS RECEIVED 


RoENTGENOLOGY OF THE ÁBroMEN. By Juan M. 


Taveras, M.D., Professor of Radiology, College of — 


Physicians and Surgeons, Columbia University; 
Associate Attending Radiclogist, Presbyterian 
Hospital, New York; and Ross Golden, M.D., 
Visiting Professor of Radiology, University of 
California at Los Angeles; Emeritus Professor 
of Radiology, College of Physicians and Surgeons, 
Columbia University. Cloth. Price, $9.00. Pp. 184, 
with 151 illustrations. Williams & Wilkins Com- 
pany, 428 East Preston Street, Baltimore 2, Md., 
1961. 

Neopuiastic Disease AT Various Sires, VoL. Iv. 
Tumours or THE OrsoPHagus. General Editor: 
D. W. Smithers, M.D., F.R.C.P., F.F.R., Profes- 
sor of Radiotherapy in the University of London; 
Director, Radiotherapy Depzrtment, Royal Mars- 
den Hospital, and Institute of Cancer Research, 
Royal Cancer Hospital; Radiotherapist, Brompton 
Hospital, London. Cloth. Price, $13.00. Рр. 352, 
with 165 illustrations. E. & S. Livingstone, Ltd., 
16 and 17 Teviot Place, Edinburgh 1, Scotland, 
1961. 

Tue ROENTGENOLOGICAL ÁsPEZT OF NONPENETRAT- 
ING Снеѕт Injures. By John Riley Williams, 
M.D., Fellow in Radiology, The University of 
Texas Southwestern Medical School, Parkland 
Memorial Hospital, Dallas, Texas; Formerly, 
Chief, Department of Rad:ology, U. S. Naval 
Hospital, Jacksonville, Florida; and Frederick J. 
Bonte, M.D., F.A.C.R., Prozessor and Chairman, 
Department of Radiology, The University of 
Texas Southwestern Medical School; Director, 
Department of Radiology, Parkland Memorial 
Hospital, Dallas, Texas. Cloth. Price, $7.50. Pp. 
135, with 31 figures. Charles C Thomas, Publisher, 
301—327 East Lawrence Avenue, Springfield, IU., 
1961. 


Basic PRINCIPLES oF THE Tracer METHOD; INTRO- 


DUCTION TO MATHEMATICAL Tracer Kinetics, 
By C. W. Sheppard, Ph.D., Professor of Physiol- 
ogy, University of Tennessee Medical Units, 
Memphis, Tennessee. Cloth. Price, $8.00. Pp. 282, 
with many illustrations and tables. John Wiley & 
Sons, Inc., 440 Park Avenue South, New York 
16, N. Y., 1962. 


Tue Spine; A RacrotocicaL TEXT AND ATLAS. 


Second edition. By Bernard S. Epstein, M.D., 
Chief, Department of Radiology, The Long 
Island Jewish Hospital, New Hyde Park, New 
York; Clinical Professor of Radiology, The Albert 
Einstein College of Medicine, New York. Cloth. 
Price, $16.50. Pp. 616, with 393 illustrations, Lea 
& Febiger, 600 S. Washington Square, Philadel- 
phia 6, Pa., 1962. 


TREATMENT OF CANCER AND ALLIED DISEASES. 


Vor. V. Tumors or THE GASTROINTESTINAL 
Tract, Pancreas, BILIARY SYSTEM, AND Liver. 
Second edition. Edited by George T. Pack, M.D., 
Е.А.С.5., and Irving M. Ariel, M.D., F.A.C.S. 
Cloth. Price, $33.00. Pp. 828, with 670 illustra- 
tions. Paul B. Hoeber, Inc., 49 East 33rd Street, 
New York 16, N. Y., 1962. 


Dig SUPERVOLTTHERAPIE; GRUNDLAGEN, Метно- 


DEN UND ERGEBNISSE DER THERAPIE MIT ENER- 
GIEREICHEN TEILCHEN UND ULTRAHARTEN STRAH- 
LEN. By Prof. Dr. J. Becker, Direktor des Czerny- 
Krankenhauses fir Strahlenbehandlung der Uni- 
versitat Heidelberg; and Prof. Dr. С. Schubert, 
Direktor der Universitdts-Frauenklinik und Poli- 
klinik Hamburg-Eppendorf. Cloth. Price, $36.25. 
Pp. 584, with 421 illustrations. Georg Thieme 
Verlag, Herdweg 63, Stuttgart, Germany, 1961. 
In the U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York 16, N.Y. 


Diz AORTOGRAPRIE DES ÁBDOMENS AUS KLINISCHER 


51снт. By Dr. med. Dieter Tillie, Facharzt für In- 
nere Krankheiten, Róntgenologie und Strahlen- 
heilkunde, Oberarzt an der II. Med. Klinik des 
Städt. Krankenhauses Berlin-Buch, Germany. 
Cloth. Pp. 199, with 165 illustrations. Georg 
Thieme Verlag, Herdweg 63, Stuttgart, Germany, 
1961. In the U.S.A. and Canada, Intercontinental 
Medical Book Corporation, New York 16, N. Y. 


ANNUAL Review OF NUCLEAR SCIENCE. VOL. 11. 


Emilio Segrè, Editor, University of California; 
Gerhart Friedlander, Associate Editor, Brook- 
haven National Laboratory; and Walter E. Meyer- 
hof, Associate Editor, Stanford University. Cloth. 
Price, $7.00. Pp. 513, with figures and tables. 
Annual Reviews, Inc., Palo;Alto, California, 1961. 


ВкоокнАУЕН Symposia IN Broroov. No. 14. FUNDA- 


MENTAL Aspecrs OF RapiosEensiriviry. Paper. 
Price, $3.00. Pp. 308, with many figures and tables. 
Available from the Office of Technical Services, 
Department of Commerce, Washington 25, D. C., 
1961. i 


Ay 


rt: 


Vor. 87, No. 3 


SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


Untrep STATES OF AMERICA 


American RogNTGEN Ray Society 
Secretary, Dr. С. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Shoreham Hotel, Washington. 
D. C., Oct. 2-5, 1962. 

American RADIUM ЅОСІЕТҮ 
Secretary, Dr. Charles G. Stetson, 350 Engle Street, 
Englewood, N. J. Annual meeting: Waldorf-Astoria 
Hotel, New York, М. Y., April 2-4, 1962. 

RaproLocicAL SOCIETY оғ NORTH AMERICA 
Secretary, Maurice Doyle Frazer, 1744 South Fifty. 
eighth St., Lincoln, Neb. 

Treasurer, Отен, Vincent Needham, 71 
St, Syracuse, №. Y. Annual meeting: 
Chicago, Nov. 25—30, 1962. 

American COLLEGE or RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chi 6, Illinois. Annual meeting: Roosevelt 
Hotel, New York, N. Y., Feb. 7-10, 1962. 

SscrioN on RADIOLOGY, AMERICAN Meprcat AssocIATION 

` Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West тот Eighth Ave., Spokane 4, Wash, Annual 
meeting: Chicago, Ill., June 24-28, 1962. 

AMERICAN Boarn or RapioLoay 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building ester, Minn. 
The Spring 1962 examination will be held at the Terrace 
Hilton Hotel, Cincinnati, Ohio, June 18-22, 1962 in 
clusive. The deadline for filing applications was January 1, 
1962. A special examination in Nuclear Medicine for 
Diplomates in Radiology or Therapeutic Radiology and 
an examination in Radiological Physics will be held if 
there are sufficient applications. The Fall 1962 examina- 
tion will be held at the Pioneer Hotel, Tucson, Arizona, 
the first week in December; the deadline for filing appli- 
cations is July 1, 1962. Please note that at this session 
Nuclear Medicine will become a mandatory part of the 
examination. All candidates, excluding re-examinees, who 

. are applying for examination in Radiology br Therapeutic 
Radiology for the December, 1962 session or thereafter 
must submit а Nuclear Medicine application in addition 
to their basic application. This applies even to those а 
plicants whose каг applications are on file but who will 
not yet have appeared for examination. 

AMERICAN ÁSSOCIATION OF PHYSICISTS їн MEDICINE 
Secrelary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Ánnual meeting 
to be announced. 

TENTH INTERNATIONAL СоморЕзѕ or RADIOLOGY 
Seeretary-General, Dr. Carleton В. Peirce, Royal Vic- 
toria Hospital, Montreal 2, Quebec, Canada. Meets in 
Montreal, Aug. 26~Sept. 1, 1962, 

Етонтн INTER-AMERICAN Conoress or RADIOLOGY 
Counselor for the United States, Dr. J. A. del Regato, 
Penrose Cancer Hospital, 2200 North Cascade Avenue, 
Colorado Springs, Colorado. Meeting to be announced. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
time and place Alabama State Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, Ill. і 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary, Dr. Don E. Matthieson, 926 East McDowell 
Rd., Phoenix, Ariz. Two regular meetings a year. Annual 


E. Genessee 
almer House, 


meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL Soctsry 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association oF Universiry RADIOLOGISTS 
Secretary, Dr. Herbert М. Stauffer, Temple University 
Medical Center, Philadelphia 40, Pa. Annual Meeting: 
паза of Indiana, Indianapolis, Ind., May 19-20, 
1962, 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wilson T. Edenfield, 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 

Brocxiey RADIOLOGICAL SOCIETY 
Secretary, Dr. Bernard J. Ostrum, 2412 North sand St., 
Philadelphia, Pa. 

Вхоокітн RADIOLOGICAL SOCIETY 
Secretary, Dr. Leslie L. Alexander, 257 New York Ave., 
Brooklyn 16, N. Y. Meets first Thursday of each month 
October through May. 

ВоғғАІо cg a em ES m uis 
Secretary, Dr. ose aples, 1 organ way, 
Williamsville 21, N. Y. Meets second Monday evening 
each month, October to May inclusive. 

Centrat New Yorx Raprotoaicar Society 


Secretary, CE nir A. Head, 150 Marshall St., Syra- 
cuse, Y. Meets first Monday each month October 
through May. "a 


CENTRAL Онто RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Freidman, Grant Hospital, 
Columbus, Ohio. Meets at 6:30 р.м. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CentraL Society or Nucrear MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 


Building, 1903 West Harrison St., Chicago t2, Ill. 
Cmicaco Rogwrcen Society 

Secretary, Dr. William Е. Hutson 5145 N. California 

Ave., Chi , Ш. Meets second hursday of each 


month, October to April except December at the Shera- 
ton Hotel at 8:00 Р.М. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Ward D. Heinrich, Huron Road Hospital, 
Cleveland 12, Ohio. Meetings at 7:00 pas. on fourth 
Monday of each month from October to April at Tudor 
Arms Hotel. 

CoronzApo RADIOLOGICAL SOCIETY ` 
Secretary, Dr. Seward Imes, 1845 High St, Denver, 
Colo. Meets third Friday of each month at Denver 
Athletic Club from September through May. 

Connecticut VaiLEYy Rapiotoaic ЅОСІЕТҮ 
Secretary, Dr. James L. Krieger, 85 саа St., Hart- 
ford, Conn. Meets first Friday in February and April. 

Datias-Forr Мовтн Rapio.oaicar Society 
Secretary, Dr. Robert D. Moreton, 816 Medical Arts 
Bldg., Fort Worth, Texas. Meets monthly, third Mon- 
day, at Greater Fort Worth International Airport at 6:30 
Р.М. : 

Derrorr RozwrosN Ray Ано Rapium Socrery 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hos. 

ital, Detroit 1, Mich. Meets monthly, first hursday, 
tober through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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East Bay Rognroen Sociery : 
Secret Dr. Dan Tucker, 434 pe St, Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

East Tennessee RADIOLOGICAL SOCIETY . 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medical. Arts 
ра, Knoxville, Tenn, Meets in January and Sep- 
tember. 

Eastern CoNrERENCE or RapioLocy 
Secretary, Arrangements Committee, Dr. Bernard S. 
Wolf, The Mount Sinai Hospital, 11 E. тоо Smeet, Tey 
York 29, N. Y. Annual Meeting: Waldorf-Astoria Hotel. 
New Yor, March 29-31, 1962. ў 

Eastern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. Meets at Mid Pines 
Club, Southern Pines, N. C., April 29-May 2, 1962. 

Forma RaproLoGIcaL SocigTY 
Secretary, Dr. Richard D. Shapiro, 1680 Meridian Ave., 
Miami Beach, Fla. Meets twice annually, in the spri 
with the annual State Society Meeting, and in the fall. 

Frorma West Coast RanioLooIcaL Society 
Secretary-Treasurer, Dr. Joseph C. Rush, 1800 Druid Rd., 
Clearwater, Fla. 

Georora RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brown, Griffin, Ga. Meets 
in spring and fall with Annual State Society Meeting. 

Greater Miami RanioLoarcaL SocrerY - 
Secretary, Dr. Carl E. Balli, 907-8 Huntington Medical 
Building, Miami 32, Fla. Meets monthl ird Wednes- 
dey, at 8:00 p.m, at Jackson Memorial Hospital, Miami, 
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Greater Sr. Louis Society or RADIOLOGISTS 
Secretary, Dr. William E. Powers, St. Louis, Mo. 
Hovsron Raprotoercar Socrerv 
Secretary, Dr. John Douglas Reeve, Texas Medical Cen- 
ter Library, Jesse H. Jones Library Bldg., Houston 25, 
Texas. Meets last Monday cach month, Seminar Room, 
Doctors’ Club of Houston. 
Ірлно Stare КАРІОІ001САІ Society 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 
ILuimors КАрІ010010САІ, Sociery 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ш. Meets in the spring and fall. 
Inviawa RoxNrTGEN Sociery, Ine. 
Secretary, Dr. David E. Wheeler, 1500 North Ritter, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 
Towa RaptoLooicAL SocrgTY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Towa. Luncheon and business meeti during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 
eretan, Dr. Roger E Wallace, Riley County Hospital 
ecretary, Dr. А ace, Riley County Hospi 
Manhattan, Kansas. Meets in spring with State Medical 
Society, and in winter on call. 
Kenrucxy RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Davis, 226 East Chestnut 
St., Louisville, Ky. Meets monthly on second Friday at 
Sheraton Hotel, Louisville. V. owe oe 
Kines County Raptotoeicat Society 
Secretary, Dr. Abraham Berens, 1917 Bedford Ave., 


Brooklyn 25, N. Y. Meets Ki County Med. Soc. 
Bide. monthly on fourth Thursday, October to May, 
145 Р.М. 


Los Амовівѕ RADIOLOGICAL SOCIETY 
Secretary, Dr. Saul Heiser, Los Angeles, Calif. Meets sec- 
. ond Wednesday of month in September, November, 
January, March and June at Los ез County Med- 
ical Association Building, Los Angeles. - 
Maine Rapiotoagicar Socrsry 
Secretary, Dr. Albert А. Poulin, Thayer Hospital, Water- 
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15 Maine. Meets in June, September, December and 

Maras RanroLoaicAL SOCIETY 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Place, 
Baltimore 17, Md. 

Mempnis RogNTGEN SOCIETY 
Secretary, Dr. Irving К. Ettman, Kennedy У.А. Hos- 

ital, Departmentof Radiology, Memphis 15, Tenn. Meets 
t Monday of each month at John Gaston Hospital. 

Мтлмт:Улывү RaprioLoaica SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton 9, Ohio. Meets second Friday of fall and winter 
months, 

Mip-Hupson Raptotosicat Soctery 
Secretary, Dr. [е h Sorrentino, St. Francis Hospital, 
Poughkeepsie, №. Y. Meets 8:30 р.м., fourth Wednesday 
each month September to May. 

Mitwauxer RosNroEN Ray SocieTY 
Secret Dr. Abraham Marck, Mayfair Professional 
Bldg., Milwaukee 13, Wis. Meets monthly on fourth 
Monday, October through May, at University Club. 

МікмеѕОотА Rapro.oarcay SOCIETY 
Secretary, Dr. Donald Н. Peterson, 853 Medical Arts 
Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring, 

Muisstssrppr RADIOLOGICAL SOCIETY 
Secretary, Dr. Jack К. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 р.м. 

Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Fritts, Missoula, Montana. Meets 
at least once a year. > 

Nassau RADIOLOGICAL SocIETY 
Secretary, Dr. Robert Tugendhaft, 100 Nowbridge Rd., 
Hicksville, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

Nesraska Strate RADtIOLOGICAL $оС1ЕТҮ 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Nebraska. 
Meets third Wednesday of each month at 6 р.м. in 
Omaha or Lincoln, 

Nevapa RADIOLOGICAL SOCIETY : 

Secretary, Dr. George F. Fraser, Las Vegas, Nev. 

New EuNoLAND Roenroen Ray Society 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April at The Longwood Towers, Brook- 
line, Mass. 

New НалмрзніхЕ Кокмтокн Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St, Man- 
chester, N. Н. Meets four to six times yearly. 

New Yorn RoxwroEN Sociery 
Secretary, Dr. Bernard S. Wolf, Mt. Sinai Hospital, New 
York, N. Y. Meets monthly on third Monday at the New 
York Academy of Medicine at 4:30 Р.м. 

Norty CazoLiNA RaDtoLooGiCAL SOCIETY 
Secretary, Dr. A. B. Croom, 624 Quaker Lane, High 
Point, N. C. Meets in the spring and fall each year. 

Norra Daxora RADIOLOGICAL SOCIETY 
Secretary, Dr. John Jestadt, Depuy-Sorkness Clinic, 
Jamestown, North Dakota, Meets at tme of State Medi- 
cal Association meeting. Other meetings arranged on call 
of the President. : 

Norra FLorma RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles -H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NozruzasrERN New Үорк Raprorocroay Society 
woes: Dr. Lester I. Citrin, St. Mary’s Hospital, 
Troy, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NozruzxN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Rob H. Kirkpatrick, r21 eo St., Sacra. 
mento, Calif. Meets at dinner last onday of each 
month, September to June. 
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NourgmwxsrERN Оно RADIOLOGICAL SOCIETY 
Seren): Dr. George Asahina, 421 Michigan St., Toledo, 
о. 
Онто State RADIOLOGICAL SOCIETY 
Secretary, Dr. Chapin Hawley, 927 Carew Tower, Cin- 
cinnati, Ohio. Annual meeting May 25-27, 1962 in 
Akron 


OxLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Simon Pollack, Utica Square Medical 
Center, Tulsa, Okla. Meets in January, May and October. 

OzxzcoN RaproLooicAL Socrety 
Secretary, Dr. George R. Satterwhite, Willamette Falls 
Community Hospital, 15th and Division, Oregon City, 
Ore. Meets monthly from October to June on the sec- 
ond Wednesday of each month at 8:00 р.м. at the Uni- 
versity Club. d 

OnLzANs Parisa Rapro.oarear Soctgrv 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each 
month. 

Paciyic Nortawest RADIOLOGICAL Society 
Secretary, Dr. John N. Burkey, 555 Dental Bldg., 
Seattle, Wash. Annual meeting: Seattle, Washington. 

Paciric RogNTGEN SOCIETY 
Secretary, Dr. L. Н. Garland, 450 Sutter St, San Fran- 
cisco 8, Calif. Meets annually during meeting of Califor- 
nia Medical Association. 

PzNNsYLVANIA RADIOLOGICAL SOCIETY 
rier fi Dr. Frederick R. Gilmore, Clearfield Hospital, 
еш i Pa. Annual meeting: Pocono Manor Inn, May 
25-26, 1962. 

PuiLaDELPHIA RoxNTGEN Ray SoctrETY 
Secretary, Dr. Robert B. Funch, Department of Radi- 
ology antown Hospital, Philadelphia 44, Pa. Meets 
first Thursday of each month, at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH оо oa 6M М 4 
Secretary, Dr. Ross mith, St. Margaret Memori 
Hospital, Forty-Sixth St., Pittsburgh 1, Pa. Meets sec- 
ond Wednesday of month, October ugh June at Park 
Schenely Restaurant. 

RaptoLootcAL Section, ВАІТІМОВЕ MEDICAL SOCIETY 
Secretary, Dr. James К. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. William C. Duffey, Cincinnati, Ohio. Meets 
monthly from September to May on first Мона of each 
month at рр at the Cincinnati General Hospital. 

eet GTI cr upon —— 

ecretary, Dr. G. J. Liese, Queen's Hospital, Honolulu, 
Hawaii. Meets third Monday of each month at 7:30 Р.м. 

КаАр101001САІ, ЅОСТЕТҮ or Greater Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month, 

ee SocigTY or ME Crry Bldg, К. 

; Dr. Arthur B. Smith, 800 Argle ., Kansas 
City, Mo. Meets third Thursday of each month. 

RUE зоот we Lovlsiana ee 
Secretary, Dr. yn Hardy, 4324 
Orleans 15, La. Meets annually during 
Medical Soctety meeting. 

RanroLoctcAL Society or New JERSEY 
Secretary, Dr. George H. Burke, 601 Grand Ave., Asbu 
Park. N. J. Meets at Atlantic City at time of State Med- 
ical Society meeting and in November in Newark, N. J. 

RADIOLOGICAL SOCIETY OF THE STATE or New Yorx 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, М. Y. Annual meeting Apr. 4-8, 1962. 

Mieres Tran, De, Donald J. Pak, 303 S. Minn 

ecretary- Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY or SOUTHERN CALIFORNIA 
Secretary, Dr. Robert Scanlan, St, Vincent's Hospital, 
Los Angeles, Calif. 


olia St., New 
uisiana State 
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Rxpwoop Expire RAproLoaicAL SocigTY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Кіснмомр County RADIOLOGICAL SOCIETY | 
Secretary, Dr. W.F. Hamilton, Jr., University Hospital, 
Augusta, Ge Meets first Thursday of each month at 
various hospitals. 

Коснеѕтер RogwroEN Ray Society, Коснеѕтев, №. Y. 
Secretary, Dr. Robert Н. Greenlaw, 260 Crittenden Blvd., 
Rochester 20, N. Y. Meets at 8:15 р.м. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocxy Mountain RaproLoatcaL Socrery 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting: Denver Hilton Hotel, 
Denver, Colo., Aug. 16-18, 1962. 

Sax AwroN1o-MiLITARY RADIOLOGICAL Society · 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
Р.м. 

San Dreco Rapiotocicat ЅОСІЕТҮ 
Secretary, Dr. Charles B. Campbell, 7849 А Ave., La 
Jolla, Calif. Meets first Wednesday of each month at 
the University Club. 

Sax Francisco КАр101001САІ Society 
Secretary, Dr. Walter Coulson, San Francisco General 
Hospital, San Francisco 8, Calif. Meets quarterly at the 
San Francisco Medical Society, 250 Masonic Ave., San 
Francisco 18, Calif. . 

Secrion on RADIOLoOY, CALIFORNIA MEDICAL ASSOCIA- 
TION 
Secretary, Dr. William H. Graham, 630 East Santa CI 
St., San Jose, Calif. . 

$кстток ох Rapi:oLooY, Соннксттспот $тАтЕ MEDICAL 
Socrety 
Secretary, Dr. Wayne P. Whitcomb, Hospital of St. 
Raphael, New Haven, Conn. Meetings are held bi- 
monthly. : 

Secrion ox. RapioLooy, MzpicAL Socirry or tHe Dis- 
TRICT OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1746 K St, N.W., 
Washington 6, D. C. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Secrion on RADIOLOGY, ILLINOIS Stars MEDICAL SOCIETY 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, Ill. i 

Secrion он RADIOLOGY, SovpyHERN MEDICAL ÁssociATION 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting to b 
announced. 

SunzvrrozT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M., 
September to May inclusive. 

Socrery rox Prpiarric RADIOLOGY 
Secretary, Dr. Richard С. Lester, 412 Union St, S.E., 
Minneapolis 14, Minn. Annual meeting: Shoreham 
Hotel, Washington, D. C., Sept. 30-Oct. 1, 1962. 

Socisry or NucLear MEDIOINE $ 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bldg., Denver 2, Colo. Administrator, Samuel N. Turiel, 

30 N. Michigan Ave., Chicago 11, Ill. Annual meeting: 
aker Hotel, Dallas, Texas, June 27—30, 1962. 

Ѕортн Bay RaproLocIcaL Socrery 
Secretary, Dr. Stanford B. Rossiter, 1111 Vaan. Dr., 
Meas ark, Calif. Meets second Wednesday of each 
mon : 

Somm aoni icd SocigTY Ses Е 

ecretary, Dr. rge . Brunson, 14 t, 
Columbia, S. C. Annual meeting (primarily buanas 
in conjunction with the South Carolina Medical Associa- 

tion meeting in May. Annual fall scientific meeting at 


time and place designated by the president, 
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SourHern RADIOLOGICAL CONFERENCE 
Secretary, Dr. Marshall Eskrdge, Mobile Infirmary, 
P.O. Box 4097, Mobile, Ala. 
SOUTHWESTERN RADIOLOGICAL SccrETY 
Secret John M. McGuire, 904 Chelsea, El Paso, 
Texas. Meets last Monday of each month at 6:30 Р.м. 
in the Paso del Norte Hotel. 
TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. B. M. Brady, St Joseph Hospital, Mem- 
his, Tenn. Meets annually at the time and place of the 
ennessee State Medical Association meeting. 
Tsxas RADIOLOGICAL SOCIETY 
Secretary, Dr. R. P. O'Bannon. 402 Professional Bldg. 
1216 Pennsylvania Ave., Fort North 4, Texas. Annual 
meeting: to be announced. 
Tri-State RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Welborn Clinic, 
420 Cherry St., Evansville, Ind. Meets third Wednesday 
af Oct., Jan., March and ay,8:00 р.м., Elks Club in 
va e. 
Unrversiry оў MICHIGAN DEPARTMENT OP ROoENTGEN- 
oLoGv Srary MEETING 
Meets each Monday evening from September to June, at 
7:00 р.м. at University Hospital. 
Upper PENINSULA RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 
Отан Sratz RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Y. Card, St. Mark’s Hospital, Salt 
Lake City, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 
Vermont RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Wiliams, Rutland, Vt. 
VinorNiA RADIOLOGICAL SOCIETY | 
Secretary, Dr. Powell С. Dillard, Jr., 715 Church Street, 
Lynchburg, Va. Meets annually п October. 
WASHINGTON SrATE RADIOLOGICAL SOCIETY . 
Secretary, Dr. Joseph T. Houk, 14303 Ambaum Blvd., 
Seattle 66, Wash. Meets third Monday of each month 
from September through April at the University of 
Washington Medical School. i 
Wesr VinoINIA RADIOLOGICAL SoccETY 
Secretary, Dr. Karl J. Myers, TEe Myers Clinic-Broad- 
dus Hospital, Philippi, W. Va. Meets concurrently with 
Annual Meeting of West Virginia State Medical Society; 
other meetings arranged by program committee. 
WESTCHESTER RADIOLOGICAL SOCIETY 
Secret. Dr. Anthony A.-Maglione, Westchester Acad- 
emy of Medicine, Section on Rad ology, Purchase, N. Y. 
Meets on third Tuesday of January and October and on 
two other dates. 
Wisconsin RADIOLOGICAL SOCIETY 


Secretary, Dr. Howard G. Bayley, 116 Iroquois Parkway, 
Beaver am, Wis. Annual meeting each spring in various 
places. 


Cuna, Mexico, Puerro Rico лмо CENTRAL AMERICA 

АзостАсїбм DE RapIÓLOGOS DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica anc Panamá. 
Secretary-General, Dr. Julio Toriello, 11 Calle 2-37, Zona 
1, Guatemala. Meets annually ir a rotating manner in 
the six countries. 

Socrepap DE Raprotocfa ре Ex SA.vapon 
Secretary, Dr. Rafael Vaga Gómez 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 


Secretary, Dr. Carlos E. Escobar, c. Calle A 0-05, Zona 1, 


Guatemala. 

SooigDADp DE Rapro.ocfa y Fisiorraapia CUBANA 
Secretary, Dr. Miguel A. Garcfa Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Caba. Meets monthly at 
Curie Hospital. 

Socrepap COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado VIII, 
San José, Costa Rica. 
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SocrgpAp Mexicana ре RapioLooíA, A. C. 
Calle del Oro No. 15. México 7, D. Е. 
Secretary-General, Dr. E. Alvarez Hernández. Meets 
first Monday of each month. 

AsociAcióN PuERTORRIQUERA pg RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

Socrepap RApi0LÓGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panamá, R. de P. Meets monthly in a department of 
тайогову af a local.hospital, chosen at preceding meeting. 

Soctepap Rapiotéorca DE Puerro Rico 
Secretary, Dr. César E. Rosa-Perez, Fondo del Segura del 
Estado, Parada 1, San Juan 8, Puerto Rico. Meets second 
Thursday of each mcnth at 8:00 р.м, at the Puerto Rico 
Medical Association Bldg. in San Juan. 


Brirish COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE Province OF QuE- 


BEC : 
; Dr. Odilon Raymond, $400 Blvd. Gouin. 

Quest, Montreal, Que. Meets four times a year. 

Barnsu ІхзтітотЕ or RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W. 1. Meets monthly from October until May. 

Ермонтох AND Ю:ѕтвіст RADIOLOGICAL SOCIETY 
Secretary, Dr. S. C. Windle, 195 Northgate Bldg., Ed- 
monton, Alberta. Meets first Tuesday of each month. 
October to May. : 

Facutty or RADIOLOGISTS 
Honor. Semen Dr. C. J. Hodson, 47 Lincoln's Inn 
Fields, London, W.C.2, England. Annual meeting: Ham- 
mersmith Hospital and the Postgraduate Medical School, 
London, June 15-16, 1962. 

Sgcrion or RaproLoey or THE Rovar Society or MEDI- 
CINE (ConFinep то МЕРІСАІ MEMBERS) 
Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1. 

CANADIAN Association ОР RADIOLOGISTS 
Honorary Secretary, Dr. Robert G. Fraser, Associate Hon- 
orary Secretary, Dr. Jean-Louis Léger, 1555 Summerhill 
Ave., Montreal 25, Que. Annual meeting to be an- 
nounced. 

Monrrear RaproLocicAL Srupy Crus 
Secretary, Dr. F. McConnell, 1650 Cedar Ave., Montreal, 
Quebec. Meets first Tuesday evening, October to April. 

Section or RApioLoov, CANADIAN MEDICAL Association 


^o Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, №, S. 
SociÉTÉ CANADIENNE-FRANCAISE D’ELEcTRO-RADIOLOGIE 
MEDICALE 


General Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Canada. Meets third Saturday 
each month. 
Toronto КАргогоогсА:, Society 
Secretary, Dr. Wallace M. Roy, St. Joseph's Hospital 
о The Queensway, Toronto 3, Ontario. Meets secon 
onday of each monta September through May. 
CoLLEGE or RADIOLOGISTS oF AUSTRALIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medica 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


ASOCIACIÓN ÁRGENTINA DE RADIOLOGÍA 

. Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Afiafios, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 р.м. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

Corfocio BRASILEIRO DE RADIOLOGIA : 
Secretary-General, Dr. Tede Eston de Eston, Caixa Postal 
5984, São Paulo, Brazil. 
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SOCIEDAD ÁnGENTINA DE RaproLoafa, JUwrA CENTRAL, 
Вовмоз Ares 
Secretary, Dr. Edgardo O. Olcese, Santa Fé 1171, Buenos 
Aires. Meetings are held monthly. х 

Socrepap BoLrvANA DE RADIOLOG 
Secretary, Dr. Me Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. General Assem ly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 р.м. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

Socizpap CuiLENA рк RaproLooíA 
Secretary, Dr. J. P. Velasco, Avenida Santa Marfa 
o4to, Santiago, Chile. Meets fourth Friday of each 
mon 

Socrepap COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejía Diazgranados, Carrera 15, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
‘Meets last Thursday of each month. 

SOCIEDAD ECUATORIANA ре RADIOLOGÍA Y FisIOTERAPÍA 
Secretary, Dr. Publio Vargas P., Casilla 1242, Guayaquil, 
Ecuador. 

Ѕостерлр PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. f 

Sociepap PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Peru. Meets monthly except during J anuary, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrión,” Villalta 218, Lima. 

осир Eg ВЕ. Е Р " 

e ‚ Dr. ernandez, e 40 #41-110, Baran- 
uilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

Ѕосіврар ре RaproLooía, CaNcknoLoofa v Fisica 
Мёрса pet Urvavay 
Secretary-General, Dr. Ernesto Н. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
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ROENTGEN DIAGNOSIS 
Neck AND CHEST 


QuznziLHAC, Hecror. Esofago y aorta sigmoi- 
dea. (The esophagus and sigmoid aorta.) 


Prensa méd. argent., Mar. то, 1961, 48, 623- 


629. 


Advanced sclerotic changes in the thoracic portion 
of the aorta produce three basic configurations: (a) 
widening of the radius of the aortic arch; (b) sigmoid 
curvature of the descending portion; and (c) widen- 
ing of the entire aorta. 

Four cases are reported in which the sclerotic 
changes have caused alteration in the configuration 
of the barium-filled esophagus.—M. M. Friedman, 
M.D. 


ABDOMEN 


SANCHEZ, І. ARRIETA. Hernia de Spiegel. 
(Spiegel’s hernia.) Radiologia, Panamá, June, 
1961, ZZ, 110-113. (Address: Radidlogo, 
Hosp. Santo Tomás, Panamá.) 


Hernia of the linea semilunaris (Spiegel's hernia) 
is а common type: of spontaneous ventral hernia. 
Predisposing factors are ptosis, obesity, muscular 
atrophy, emaciation, ascites and severe muscular 
stress. The relationship of the lateral branch of the 
deep inferior epigastric artery which traverses one of 
the defects encountered in this region has also been 
considered to be a contributory factor in these 
hernias. Before operation, it is impossible clinically 
to distinguish a hernia of the linea semilunaris from 
a direct inguinal hernia. 

In a case described by the author, a reducible 
mass was found in the left lateral inferior portion of 
the abdomen. Fluoroscopically, barium was found 
to be retained in a U-shaped loop in the sigmoid cor- 
responding to the mass in the abdominal wall. At 
operation, a 5 cm. defect was found in the abdominal 
wall at the line of the linea semilunaris. The hernia 
was reduced without diffculty—M. M. Friedman, 
M.D. 


Bücksn, J. Errors and misconceptions in the 
diaghosis of gastritis. German Med. Monthiy, 
July, 1961, 6, 223-226. (From: The General 
Hospital, Heidberg, Hamburg, Germany.) 
The roentgenologic diagnosis of gastritis must be 

made only when there is adherence to rigid criteria. 

Too frequently the diagnosis is based on changes in 

mucosal relief which are within the range of normal. 


The appearance of gastritis, including the chronic `- 


type, depends on the presence of inflammatory edema “i, ‘ology of Meckel’s diverticulum.) F. de radiol., 


which involves the mucosal folds, submucosa, muscu- 
laris and subserous layers. It is important to dis- 
tinguish between the variable, elastic, easily de- 
formed folds of varying size in the normal stomach 
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and the immobile, coarsely deformed, stiff and thick- 
ened relief pattern of the stomach involved by gastri- 
tis. The presence of erosions and pseudopolyposis is 
added roentgenologic evidence of gastritis. Inflam- 
matory edema may cause the gastric wall to become 
four to six times normal thickness and the stomach 
to increase strikingly in weight. Following resection 
the distribution of the flui& changes markedly with 
resulting reduction in the height of the folds. 

"These artifactual changes should be appreciated by 
one who is attempting to correlate roentgenologic 
findings with anatomic material.—David Morse, M.D. 


GuGLiaNnTInI, P. Utilità delle incidenze oblique 
caudo-craniali nello studio radiologico della 
stenosi congenita ipertrofica del piloro. (The 
oblique caudo-cranial position in the study 
of congenital hypertrophic pyloric stenosis.) 
Апп. radiol. diag., 1961, 34, 56-69. (From: 
Reparto di Radiologia, Ospedale Pediatrico 
del Bambino Gesá, Rome, Italy.) 


In a previous communication, the author de- 
scribed the use of this position to demonstrate 
changes in the newborn and in infants afflicted with 
congenital hypertropic pyloric stenosis. 

Because in this age group the stomach lies in a 
horizontal position and usually is distended, the 
pyloric canal and duodenal bulb lie posterior to the 
antral portion of the stomach. Utilizing the conven- 
tional position with the central beam directed per- 
pendicular to this area, the overlapping of structures 
on roentgenograms makes a definite diagnosis either 
difficult or impossible. However, if the central beam 
is aimed in an oblique caudad-cephalic direction at 
an angle of zo to 25 degrees, the antral portion of the 
stomach, the pyloric canal and duodenal bulb are 
so situated on roentgenograms that they can be 
clearly visualized and evaluated. 

The article includes a report of 5 cases, all con- 
firmed at surgery, of congenital hypertrophic pyloric 
stenosis. Each case is illustrated by reproductions of 
two roentgenograms, one taken by the conventional 
method and the other using the technique advocated 
by the author. These illustrations are convincing. 

Since a definite diagnosis in these cases can only 
be made by the demonstration on roentgenograms of 
an elongated and narrowed pyloric canal, this method 
of examination should increase our percentage of 
correct diagnosis.—Peter E. Russo, M.D. 


Fontaine, R., Warrer, P., Wau, R., and 
Wet, F. (Strasbourg, France.) Apport de 


. la radiologie dans la pathologie du diverticule 
:*de Meckel. (Role of radiology in the path- 


d'électrol. et de méd. nucléaire, June-July, 
1961, 42, 327-333. 
Meckel's diverticulum represents a remnant of the 
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umbilical sac which in the embryo communicates 
between the umbilicus and the primitive intestine. 
Normally this atrophies and is transformed into a 
cord-like structure towards the seventh week. Usu- 
ally these remnants disappear towards the end of the 
third month of the intra-uterine life. 

A disturbance in this ргссезв of evolution and 
development may regylt in fistulous formation, 
intestinal atresia; or a true Meckel's diverticulum. 
The latter occurs within the last 1 meter (40 inches) 
of the ileum and is located on the antimesenteric 
border of the small intestine. Its histologic structure 
is identical with that of the small intestine. At times, 
heterotopic mucosal inclusions may occur, of gastric, 
duodenal or of pancreatic tissce. 

It has been reported that from 2 to 4 per cent of 
individuals may retain a Meckel’s diverticulum. 
Thus in a large number of patients there is the 
possibility of their coming to the surgeon because of 
abdominal conditions resulting from Meckel’s diver- 
ticulum. These may be caused by occlusions, may be 
due to inflammation, or simple diverticulitis simulat- 
ing appendicitis, or to perforation and hemorrhage 
as occurs with peptic ulcer. Meckel’s diverticula also 
may herniate. 

Rarely tumors may develop in the wall of the 
` diverticulum. They may be benign—lipoma, leiomy- 
oma, fibroma and harmatoma; or malignant—epi- 
thelioma, carcinoid and sarcoma. This multiplicity of 
pathologic possibilities preserts a serious challenge 
in the roentgenologic diagnosis. 

In acute complications the roentgen findings may 
be of little assistance. However, in chronic or sub- 
acute conditions the radiologist may be able to help 
by demonstrating the presence, location and extent 
of a Meckel’s diverticulum. 

In an attempt to visualize the diverticulum, the 
authors use orally administered barium during a 
small intestinal study. They do not recommend the 
barium enema examination in such cases. 

The authors present their findings in 13 cases in 
which the roentgen diagnosis was,made. Where the 
Meckel’s. diverticulum was demonstrated, it seemed 
to offer a satisfactory explanation of the abdominal 
condition for which the patient was being examined. 

Seven sketches and diagrams with reproductions of 
roentgenograms accompany chis article-—William 
H. Shehadi, M.D. 


Levene, GEORGE. Low temperature barium- 
water suspensions for roentgenologic exami- 
nation of the colon. Radielogy, July, 1961, 77, 
117-118. (Address: Massachusetts Memorial 
Hospitals, Boston 18, Mass.) 


For a number of years the author has been em- 
ploying water at a temperature of 41? F. in preparing 
the barium-water suspensior for barium enema 
examinations. This low temperature suspension has 
been used in several thousand cases. The author 
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claims. that this suspension possesses certain advan- 
tages in both the routine barium enema and the 
double-contrast studies. 

These advantages are listed as follows: (1) there is 
less hyperemia of the colon and therefore less irrita- 
bility; (2) the mild anesthetic effect of the colder 
suspension raises the threshold of excitability. This 
and the decreased hyperemia result in better and 
more comfortable retention of the enema; (3) tonic 
contraction of the anal sphincter is stimulated, 
contributing to the ease of retention; (4) relaxation of 
the colon, in accordance with the law of reciprocal 
innervation, permits more rapid flow of the enema 
with less tenesmus and discomfort to the patient; 
and (5) there is reduction of the tendency to bubble 
formation of the air or carbon dioxide used in double- 
contrast examinations, since all gases are more 
soluble in cold than in warm liquids.—Donald N. 
Dysart, M.D. 


O'NziLL, Рнпар B. Gastrointestinal abnormali- 
ties in the collagen diseases. 4m. F. Digest. 
Dis., Nov., 1961, 6, 1069-1083. (From: 
Marquette University Medical School, Mil- 
waukee, Wis.) 


Sixty-one patients were selected with the diagnosis 
of collagen diseases confirmed by clinical course, 
biopsy or necropsy, or positive L.E. cell preparation. 
These were analyzed with emphasis on gastrointes- 
tinal abnormalities. 

Twenty-eight patients had systemic lupus ery- 
thematosus, 17 of whom exhibited prominent gastro- 
intestinal features. Polyarteritis was the second most 
common, with ro of 14 patients having gastrointes- 
tinal findings. Ten of the 12 patients with sclero- 
derma and 4 of the 6 with dermatomyositis had 
major symptoms and signs referable to the alimen- 
tary tract. 

Dysphagia, usually intermittent, was noted in all 
4 conditions. The etiology was frequently obscure. 
Buccal and esophageal mucosal ulceration and 
pharyngeal edema were encountered in lupus ery- 
thematosus. The swallowing difficulty in polyarteritis 
has been ascribed to necrotizing arteritis in the 
muscular arteries of the esophagus. In scleroderma 
dysphagia has resulted from constrictive changes in 
the lower esophagcs, diminished ,motility at the 
cardia and dilatation with retardation of passage. 
Intraluminal pressure studies have demonstrated the 
lack of tone in the lower one-third of the esophagus 
causing the patient to be dependent on gravity for 
transesophageal passage. Esophageal luminal con- 
striction was also encountered in dermatomyositis. 

All 61 patients had periodic and usually disabling 
abdominal] pain. Intermittent nausea and vomiting 
were likewise present. 

The roentgenologic findings varied. Dilatation of 
the cervical esophagus was observed in 1 patient with 
dermatomyositis. Three lupus erythermatosus pa- 


^) 
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tients had prolonged and, pronounced colon spasm. 
Dilatation and lack of esophageal tone were noted in 
2 women with scleroderma, Dilatation and dimin- 
ished contractility of the proximal small bowel were 
also noted. Scleroderma patients in the supine posi- 
tion frequently had marked esophageal retention of 


barium but this rapidly traversed the cardia and 


entered the stomach when the patient assumed the 
erect position.—David Morse, M. D. s 


Borsor, J., LAGARDE, CL., FoNTAYNE, A. and 
LAURENS, G. (Bordeaux, France.) Te diag- 
- nostic radiologique de la cholestérolose. (Ra- 
diologic diagnosis of cholesterolosis.) 7. de 
radiol., d'électrol. et de méd. nucléaire, June— 
July, 1961, 42, 334-342. 
: Cholesterolosis—the-term-- introduced by Mentzel 
in ig25—refers бо а pathologic condition of the 
gallbladder consisting of a high cholesterol deposit. . 
. The condition has been well known to pathologists 
but the work of Jutras and his co-workers have 
stressed this entity to the radiologists, as reported by 
them in the recent radiologic literature. Cholesterolo- 


. sis may be diffuse involving practically the entire 


gallbladder wall (strawberry gallbladder), or it may 
be localized assuming a polypoid appearance. These 
polyps may be single or multiple, sessile or peduncu- 
lated, sharply defined or irregular. 

The diffuse form is manifested by an irregular 
moth-eaten appearance of the entire gallbladder wall, 
whereas the polypoid form presents well defined 
fixed defects. 

Accompanying tm pathologic changes there are 
characteristic functional disturbances of roentgeno- 
logic significance. There is hyperconcentration as 
evidenced by increased density of the gallbladder and 
there is also hyperexcitability or hypermotility as 
evidenced by rapid and almost complete emptying 
within twenty minutes. The pathologic basis for this 
is the increased proliferation of the mucosal surface 
as well as of the nerve element, manifested by a 
certain degree of neuromatosis. 

The roentgenologic criteria are based on the con- 
stancy of the defects which often are best seen on the 
delayed or postevacuation gallbladder roentgeno- 
grams, on the hyperconcentration of the contrast 
material and ‘An the rapid evacuation of the gall- 
bladder. 

The differerrtial diaghosis includes identification of 
intestinal gas, -henopaque.. calculi. and polyps and 
fixed defects due tó other tumorous conditions i in the 
gallbladder wall. 

'The authors based their report on 17 cases ob- 
served during the study of 701 oral cholescystog- 
raphies through a three year period (1958 to 1960 
inclusive). 

Fourteen excellent reproductions of roentgeno- 
grams and one sketch accompany -this ен 
William Н. Shehadi, М.Р. 
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GYNECOLOGY AND OBSTETRICS 


Lirrte, Harry M., Jr, Hurcuinson, Joun 
F., Ricuey, L. E., and SCHREIBER, MELVIN. 
The use of gynecography in pelvic diagnosis. 
South. M. F., July, 1961, 54, 715—720. (From: 
The Departments of Obstetrics and Gynecol- 
ogy, and of Radiology, University of Texas 
Medical Branch, Galveston, Tex.) 


The use of pneumoperitoneum combined with 
roentgenography for visualizing abdominal tumors 
was first reported in 1912. Hysterosalpingography 
was described by Cary in 1914 using collargol, a 
silver salt. In 1927 Stein reported the combined use 
of hysterosalpingography and pneumoperitoneum 
calling the procedure gynecography. Its greatest use 
is in the obese patient, the rigid uncooperative pa- 
tient, children and others when only a rectal exami- 
nation can: be done. Hysterosalpingography is con- 


-traindicateG in pregnancy, uterine bleeding, purulent 


cervical or uterine discharge, acute or subacute pelvic 
inflammatory disease, shock, localized or diffuse 
peritonitis, large tumor masses filling the pelvis, and 
in elderly: and poor risk cardiac patients. The trans- 
abdominal route for pneumoperitoneum is contra- 
indicated in shock, peritonitis, large tumor masses 
filling the pelvis and in elderly or poor risk cardiac . 
patients. Cul de sac puncture for pneumoperitoneum 
has the same contraindications. The complications of 
pneumioperitoneum are transient: shoulder pain, 
nausea, vomiting, vertigo and abdominal pain. The 
complications of hysterosalpingography are rupture 
of the uterus and tubes, venous intravasation of con- 
trast medium with occasional pulmonary embolism, 
transportation of infection or malignant cells into the 
peritoneal cavity, and allergic reaction to the con- 
trast agent. Fortunately these are rare. For the 
transabdominal route an 18 gauge needle is inserted 
into the left abdomen below the umbilicus. Under 
30-40 mm. Hg pressure, 1,000-1,500 сс. of COs is. 
injected. The transuterine technique is performed in 
the same manner as tlie Rubin tubal patency test. 
The cul de sac puncture technique is described in the 
gynecologic literature. Following the introduction of 
air the patient is placed prone in зо degrees Trende- 
lenburg position. The roentgenographic tube is 
angled 15 degrees toward the feet. For complete 
gynecography, contrast material is injected through 
a preplaced cannula. 

Because this technique was utilized patients were 
spared laparotomy, culdoscopy or examination under 
anesthesia. It can be employed in the search for 
recurrent tumor following hysterectomy and sal- 
pingo-oophorectomy.—David Morse, M.D. 
Epstein, Barnard S. Radiographic identifica- 

tion of arthrogryposis multiplex congenita in 

utero. Radiology, July, 1961, 77, 108—110. 

. (Address: The d Island Jewish перер 

` New Hyde Park, N. Y.) . 
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Arthrogryposis multiplex conzenita is a condition 
characterized by varying degrees of joint contrac- 
tures attributed to the effects ofa dystrophic muscu- 
lar disorder of unknown origin. Joint mobility is 
interfered with due to increasec periarticular fibrous 
tissue. While the bones are not involved, the skin and 
subcutaneous tissues are sometimes affected. Associ- 
ated congenital malfgsmations of the skull and 
spine, polydactyly, and hip dislocation are frequent 
concomitants. A hereditary factor may exist. 

Slender extremities with prominent joints fixed in 
flexion, extension, or both are characteristically seen 
in the newborn infant. This aonormal fixation and 
attitude of the extremities may be apparent on 
pelvimetric or abdominal roen-genograms and these 
findings, if present on other roeatgenograms obtained 
at a later date, should provide a diagnostic clue as to 
the presence of this entity. 

The author presents 2 cases in which roentgeno- 
grams obtained prior to delivery showed the abnor- 
mal position of the lower sxtremities. In both 
instances, however, the significance of these observa- 
tions was not recognized prior to delivery. А sugges- 
tion is made that if prepartum abdominal roentgeno- 
grams show hyperextension of the legs on the 
thighs and flexion of the thizhs on the abdomen, 
another roentgenogram a day later after manipula- 
tion of the maternal abdomen should be made to see 
if the limbs change position. If there is no change in 
position, abnormal fixation may be present, leading 
to the suggestion that artirogryposis multiplex 
congenita should be considered.— Donald №. Dysart, 
M.D. 


GENITOURINARY SYSTEM 


Srecers, Ricnanp L. Early physiologic nephro- 
urography as a test of kidney function. 
Radiology, Sept., 1961, 77, 452-457. (Ad- 
dress: Long Beach "Veterans Hospital, Long 
Beach, Calif.) 


-The author, believing that intravenous pyelo- 
graphy, if performed soon enough after injection of 
contrast material, would derionstrate disparity be- 
tween the function of one xidney and the other, 
instituted a program in his department to show this. 
The procedure is as follows: а preliminary roent- 
genogram of the kidney regions is obtained prior to 
intravenous pyelography. Then 30 cc. of 5o per cent 
hypaque sodium is injected intravenously as rapidly 
as possible. The first pyelogram is obtained one 
minute after the beginning of the injection. A second 
film is exposed one minute afzer the first, and a third, 
one minute after the secomd. Routine five-, ten-, 
fifteen-, and twenty-minute morphologic pyelograms 
are then obtained. 

The one-minute film usualy shows a nephrogram, 
the kidney shadows being slightly denser than on the 
preliminary film. The two-minute film, in a normal 
patient, shows a fully apparent nephrogram. The 
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three-minute film, in а normal normotensive patient, 
shows beginning bilateral calyceal delineation. In 
patients with essential hypertension, the calyces are 
often seen on the -wo-minute film because the 
medium apparently traverses the kidney more 
rapidly due to the renal arterial blood pressure. 
Those patients with hypertension due to arterial 
insufficiency of one kidney, as in a Goldblatt kidney, 
will show a difference in the rapidity of appearance of 
the calyceal phase in zhe two kidneys. 

The clinical reports on two cases are presented. 
Each of these patients had hypertension and showed 
on their intravenous pyelographic studies a differ- 
ential excretion of contrast material on the two-, and 
three-minute films. Other tests demonstrated differ- 
ential function between the two kidneys and aorto- 
grams showed unilateral renal artery constriction. 
Following subsequent surgery to remove the cause of 
the constriction in the renal arteries the blood pres- 
sure in each patient returned to normal. — Donald 
N. Dysart, M.D. 


Bovp, Jurian D., and Murpocx, Harotp R., 
Jr. Urinary excretion of radiohippuran as a 
measure of renal function. F. Urol., Sept., 
1961, 86, 294-295. (From: The Veterans 
Administration Hospital, Huntington 1, W. 
Va.) 

This report deals with the findings from tests 
employing radichippuran in the study of 88 patients. 
In addition to radiohippuran renograms, the authors 
have determined the percentage excretion at inter- 
vals of 20 minutes and 9o minutes after injection. 
This determination is made in à well counter and a 
third figure which represents proportion of the aggre- 
gate 9o minute excretion which occurred during the 
first 20 minutes has also been calculated. 

The results show that in normal individuals, there 
is at least $$ per cent excretion of the injected dose at 
the end of 20 minutes, and 80 per cent aggregate 
excretion in go minutes. The 20 minute excretion 
amounted to approximately 7o per cent of the 
aggregate. Patients with renal or vascular disease 
showed diminished outputs of radiohippuran which 
seemed to be in accord with the severity of the dis- 
ease process. 

'The test is fundamentally a blood clearance test 
in association with PAiorene gre pE: —George W. 
Chamberlin, M.D. 


MEADE, Ковккт C., and Suv, Cart M. The 
evaluation of individual kidney function 
using radioiodohippurate sodium. 7. Urol., 
July, 1961, 86, 163-170. (From: The Radio- 
isotope Service of the Wood Veterans Ad- 
ministration Center and the Marquette Uni- 
versity School of Medicine, Milwaukee, Wis.) 


Hippuran, the sodium salt of ortho-iodohippuric - 


acid, is rapidly removed from the blood stream by 
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the kidney and is almost completely extracted in one 
passage through the renal tubules. It has been shown 
to have practically no concentration in the liver. 

In this evaluation, the authors use [ in the 
ortho-iodo position of hippuran in a study which 
illustrates the range of normal renogram tracings. 

The subjects examined were clinically free of 
hypertension and had no known renal disease. They 
were nonfasting and were given 5oo cc. of water 
fifteen minutes prior to the test. These patients were 
in a sitting position, leaning forward against a chair 
back. The dual detection system equipped with 1$ 
inch sodium iodide crystals with dual recorders and 
wide collimation was utilized.: The time constant at 
the count rate meter was set at 1.5 seconds and the 


“sensitivity was Set at 10,000 counts per minute full 


scale. A localizing dose of .03 uc/kg. of hippuran was 
injected intravenously and the detectors were placed 
against the back without pressure at the area of 
maximum activity posterior to each kidney. The 
count rate meters were then switched to a sensitivity 
of 30,000 cpm. full scale, the time constant remained 
at 1.5 seconds, and the paper speed at 30 cm. per 
hour. The renogram dose of 0.3 uc/kg. was then 
injected intravenously and the tracing continued for 
twenty minutes.or longer. Thirty minutes after in- 
jection of the dose, a voided urine specimen was 
óbtained and the per cent excretion calculated. 


Suprapubic counts were made before and after void- , 


ing to detect any urinary retention. 

The typical mormal renogram shows three seg- 
ments: the initial rise which represents the radio- 
activity of the blood in the kidney and surrounding 
tissues, a more gradual secondary rise which results 
from tubular secretion of hippuran to a maximum 
level which occurs two to four minutes after injection, 
and a third segment which 1s a moderately rapid fall 
indicating the elimination of radioactive urine from 
the kidney. The amplitude of the curve of the right 
renogram is slightly higher in normal patients than 
that of the left renogram. This has been attributed to 
the increased volume of blood in the liver and peri- 
renal tissues on the right as compared to the left. 
Less than 2/10 of 1 per cent of the isotope was 
recovered from the bile of a patient in twenty-four 
hours and over 98 per cent was excreted in the urine 
indicating that hippuran is completely cleared from 
the blood by the kidneys. Thirty minute excretion 
was 67.7 per cent with a plus or minus variation of 


. approximately 6 per cent in the normal patients. The 


excretory slope of the renogram tracing did not cor- 


` relate well with the thirty minute excretion, and the 


addition of a hippuric acid “load” equal to more than 
10,000 times the hippuran dose did not alter the 
thirty minute excretion in normal patierits. This 
thirty minute excretion appears to be a very excel- 
lent screening test since there is virtually no counting 
error. Normal patients studied several months apart 
had less than 5 per cent variation in a majority of 
cases. 
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Renograms in patients with normal kidney func- 
tion may be influenced by pain and apprehension. 
Factors of hydration versus dehydration and exten- 
sion of the spine versus the prone position have seen 
evaluated carefully by the authors. It is suggested 
that when an abnormality is noted on the upright 
renogram a prone renogram should be done to further 
evaluate the significance of&his finding. 

Seven composite charts illustrate the above inves- 
tigations and the conclusions of the authors.—George 
W. Chamberlin, M.D. 


O’Conor, Vincent J., JR., LIBRETTI, JOSEPH 
V., and СкАҮНАСК, Joun T. The early dif- 
ferential diagnosis of postoperative anuria 
using the radioactive renogram: an experi- 
-mental study. 7. Urol., Aug., 1961, 86; 276- 
279. (From: The Department of Urology, 
Northwestern University Medical School, 
Chicago, Ш.) 


This is an experimental study using 3 groups of 
animals in an attempt to find a better method for the 
early diagnosis of postoperative oliguria or anuria, 

One group of 13 dogs was subjected to bilateral 
lower ureteral ligation. Five hundred cubic centi- 
meters of 5 per cent dextrose solution were adminis- 
tered during this operative procedure, and radioac- 
tive renograms were performed initially and daily 
thereafter as long as the dogs survived, which ranged 
from two to five days. Autopsies and gross and: micro- 
scopic studies were then carried out. 

Sixteen dogs in the second group were subjected 
to a four hour period of ‘bilateral renal artery and 
vein occlusion. Five hundred cubic centimeters of 
5 per cent dextrose solution were given intravenously 
during the operation, and radioisotope renograms 
were performed daily over a period of from sixteen 
hours to seventy-two houzs. 

The third group consisted of 11 dogs which were 
subjected to intraperitoneal dialysis over a two hour 
period with то per cent dextrose in water to produce 
an acute dehydration. These animals were studied by ` 
radioactive renograms postoperatively after dehy- 
dration and again after rehydration with isotonic 
saline solution or Ringer's solution. Two of the 
animals were allowed to die of acute dehydration. 

The results show that all animals in group 1 were 
totally anuric. Radioisotope renograms within the 
first forty-eight hours were characteristic of acute 
ureteral obstruction. Following the initial vascular 
Spike, there was a progressive rise demonstrating 
continued accumulation of the radioisotope in the 
area of the kidney with no evidence of excretion. 
Subsequent tracings showed a progressive loss of 
tubular function as evidenced by flattening of the 
secretory or accumulation phase and an apparent 
gradual -eduction of the vascular spike. Between 
forty-eight and seventy-two hours, the renogram 
tracing became indistinguishable from that of е 
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nonfunctioning kidney, апі no change could be 
effected in these tracings at eny time by hydration. 

All animals in group 2 were severely oliguric, 
showed progressive azotemia, and were dead by the 
third postoperative day. Ser.al and renal biopsies, as 
well as autopsy specimens, showed changes consis- 
tent with acute tubular necrosis. The radioactive 
renograms in this group,showed a low vascular spike, 
a flat accumulation phase aad essentially no clear- 
ance. Subsequent to the first twenty-four hours, 
serial tracings showed a з milar pattern with a 
gradual reduction in the vascular spike. These trac- 
ings were easily distinguishable from the obstructed 
group during the first forty-eight hours after com- 
plete ureteral obstruction, but could not be distin- 
guished from the group 1 rencgrams after forty-eight 
hours. 

The renograms obtained ол то of the 11 acutely 
dehydrated dogs. were similar to those in the bilater- 
ally obstructed group. Follow:ng the vascular spike, 
there was an acute rise compatible with tubular 
function and a progressive slow rise signifying lack 
of excretion. Upon rehydraticn the rapid clearance 
of the radioisotope became evident in all animals 
after approximately one-third of the calculated fluid 
loss had been infused. 

This study suggests that the radioisotope reno- 
gram may be of clinical value in the early differentia- 
tion of ureteral obstruction frcm the other causes of 
acute urinary suppression in the postoperative pa- 
tient.—George W. Chamberlin, M.D. 


Harrer, Morpecar, Finsy, NATHANIEL, 
and Evans, Joun A. Percutaneous trans- 
femoral renal arteriography in hypertension. 
Radiology, July, 1961, 77, 25-33. (Address: 
M. Halpern, 525 East 68th St., New York 21, 
N. Y) 


Renal arteriography finds .ts most important 
application in the study of renal hypertension. Of 
the various methods available far opacification of the 
renal arterial system, the тоа fied Seldinger tech- 
nique of percutaneous transfemoral retrograde arte- 
riography is a safe, simple anc precise method to 
demonstrate the anatomy anc pathology of the 
renal arteries and their intrarenal branches. The 
authors report the results in the ürst 41 cases studied 
following their adoption of the above technique. 

The indications for renal arteriography as utilized 
in the study are: hypertension in a patient under the 
age of fifty with no other demonstrable cause; 
development of malignant hypertension or sudden 
development of hypertension at any age; and hyper- 
tension that first appears or inc-eases following an 
episode of flank pain or following abdominal trauma. 
In addition, accurate visualization of the renal arter- 
ies is mandatory when differential renal excretion 
. Studies reveal more than 15 pér cent decrease in the 
excretion of sodium and/or a 5с per cent drop in 
water output. 
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The results of this selective study reveal a variety 
of remedial lesions. A simple pathologic classification 
is as follows: (1) fibromuscular hyperplasia with 
associated segmental stenosis; (2) arteriosclerotic 
plaques with or without poststenotic dilatation; (3) . 
complete occlusion of a renal artery with atrophy of 
the kidney; (4) thrombosis or embolism; (5) a miscel- 
laneous group including chronic pyelonephritis, 
diminished function and reduced vascularity in an 
atrophic kidney, and a partially calcified renal artery 
aneurysm. 

The authors advise a selection of hypertensive 
patients for study, based on the stated indications. 
In this reported series, 49 per cent of these patients 
showed a variety of lesions, while 24 per cent of those 
patients with remedial lesions were below forty years 
of аде. 

The authors, in conclusion, draw special attention 
to one of their patients with clinical evidence of 
hyperaldosteronism who continued to exhibit hyper- 
tension after total adrenalectomy. Subsequent renal 
arteriography demonstrated a “coarctation” of the 
left renal artery and the patient became normoten- 
sive after a left nephrectomy. As a result, they 
recommend that patients, with aldosteronism and 
perhaps even pheochromocytoma, have percutaneous 
transfemoral renal arteriography before sine 

Edward B. Best, M.D. 


STEINBERG, ÍsnAEL, and MansnALL, Vicror F. 
Intravenous abdominal aortography in uro- 
logic diagnosis. $. Urol., Oct., 1961, &6, 456- 
469. (From: The Departments of Radiology 
and Surgery (Urology), The New York 
Hospital—Cornell Medical Center, and the 
James Buchanan Brady Foundation of The 
New York Hospital, New York a1, N. Y.) 


The authors present their experience with the 
intravenous method of opacification of the renal 
blood supply, aorta and iliac vessels in a series of over 
400 consecutive patients with various diseases. Their 
technique consists of the use of go per cent hypaque 
injected rapidly and simultaneously into the right 
and left antecubital vein. The technique is exacting 
and requires good cooperation from the patient. 

The intravenous method is an alternate procedure 
which may supplement direct aortography or which 
may replace it when the latter is contraindicated. It 
offers the advantage of a wide view of the abdominal 
nd iliac vascular system and aroentgenograms may 
be obtained of other body areas if desired. 

'The studies thus far indicate that most of the 
gross abnormalities of major vessels within the 
abdomen had been revealed by this technique. The 
procedure is not without certain dangers. Extravasa- 
tion of the contrast medium at the site of injection 
may occur in spite of proper precaution. At the time 
of publication of this article, 2 patients of the 400 
died of pulmonary edema as a result of the study. 

Sixteen composite illustrations are presented to 
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show the various lesions which may be demonstrable 
by this diagnostic method.—George W. Chamberlin, 
M.D. 


Вонме, A. W., Urwitter, К. D., and Panros, 


T. С. Routine intravenous urograms prior to 
prostatectomy. $. Urol., July,.1961, 86, 171- 
172. (From: The Division of Urology, Henry 
Ford Hospital, Detroit 2, Mich.) 


This is a short article which includes a statistical 
study of 500 patients whose intravenous pyelograms 
were chosen because their medical complaints con- 
sisted entirely of symptoms referable to prostatism 
with no other geriitourinary abnormalities. In all of 
these instances, the diagnosis of benign prostatic 
hypertrophy had been proven by microscopic section. 
Of the боо routine intravenous urograms, 39 or 7.8 
per cent demonstrated renal abnormalities; hydro- 
nephrosis was present in 15; renal calculi in 12; and 
renal neoplasm in то. One case showed polycystic 
disease and in т сазе a horseshoe kidney was diag- 
nosed. | 

In view of the fact that the statistics show a 


. mortality of only .o008 per cent from the diagnostic 


intravenous urographic study and in consideration 
of the important renal abnormalities which may be 
found on the intravenous urograms in this group of 
patients, the authors recommend routine intravenous 
urography prior to prostatectomy.—George W. 
Chamberlin, M.D. 


Banks, Duane E., JR., AununN, RICHARD P., 
` Husay, CHARLES A., and PERSKY, LESTER. 
Effects of intermittent irradiation in situ on 
renal homotransplantation. 7. Urol., Aug., 
. 1961, 86, 181—184. (From: The Department 
of Surgery, Western Reserve University 
School of Medicine and the University Hos- 
. pitals of Cleveland, Cleveland, Ohio.) 


The rejection mechanism which prevents homo- 
transplantation of tissues is generally regarded by 
investigators in this field to be due to an actively 
acquired. immunity. The antigenic substance has 
been shown to be in the nuclear fraction, and the 
nature of this material is now thought to be a carbo- 
hydrate-protein complex. The current concept is that 
these amino acid-polysaccharide complexes аге 
transported to the regional lymph nodes where cellu- 
lar antibodies: are formed which are then carried 
back to the graft via the blood stream and initiate 
the rejection of the transplant. 

In ап attempt to alter the host resistance to a 
homograft, the authors delivered intermittent ir- 
radiation to the graft site. 

Two series of adult dogs of both sexes were divided 
equally into 10 animals each. Following the trans- 
plantation of a kidney into the neck of the animals in 
group 1, irradiation was given in daily increments of 
IOO r for an average total dose of 77o r over the 
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homotransplant. The radiation had a quality cor- 
responding to 1.2 mm. of copper half value layer. In 
the second group of animals, the control set, the 
animals were anesthetized each day similarly to those 
which had been treated with radiation but no radia- 
tion was received by this group. 

The homografts were considered as rejected when 
hematuria, anuria, or swelling occurred. The animals 
were then sacrificed, the kidneys removed, fixed and 
studied microscopically. 

The results revealed that the ro dogs receiving 
irradiation to the homograft showed a functional 
survival of the transplanted kidney of g.1 days, 
whereas in the nonirradiated dogs the average sur- 
vival of the transplanted kidney was 9.3 days. 
Grossly, the kidneys of both groups were similar. 
The grafted organs were uniformly enlarged with 
edematous, hemorrhagic, and bulging medullae. On 
microscopic examination, the appearance was similar 
in the two groups. There was evidence of pyeloneph- 
ritis as well as diffuse round cell infiltration, tubular 
necrosis, and vascular thrombosis. The failure of 
intermittent irradiation suggests that the cells 
which carry the antibody to the homograft probably 
arrive continuously and need less than 24 hours to 
initiate the changes leading to rejection.—George W. 
Chamberlin, M.D. 


Нотсн, Jonn A. Saccule formation at the ure- 
terovesical junction in smooth walled blad- 
ders. F. Urol., Oct., 1961, 86, 390—399. (Ad- 
dress: 2100 Monument Boulevard, Pleasant 
Hill, Calif.) 

Saccule formation in pátients with vesical neck 
obstruction and heavily trabeculated bladders has 
been recognized for many years. In this type of 
bladder, these lesions are commonly associated with 
ureteral reflux. In recent studies, similar saccule 
formation has been idemtified in smooth bladders 
which may or may not have vesical neck obstruction. 
"These saccules have evaded recognition in the usual 
intravenous urograms, cystograms, and post-voiding 
bladder roentgenograms. They are difficult to recog- 
nize because they are intermittent and are seen only 
during the voiding period. Their demonstration de- 
pends upon multiple serial roentgenograms using 
rapid roentgenographic techniquesor cine roentgenog- 
raphy during the voiding act. Twenty-eight of 74 
patients studied in this way have shown ureteral 
reflux associated with saccule formation. 

In this article, the anatomy of the ureterovesical 
junction is reviewed, the pathology and pathogenesis 
of the saccule are described, and the clinical signifi- 
cance of this lesion is discussed. The saccule proves 
to be a herniation of the vesical mucosa between the 
roof of the intravesical ureter and the roof of the 
ureteral hiatus. It is possible that this occurs in 
association with cogenitally deficient bladder muscu- 
lature. Differences between the saccule which forms 
in the smooth walled bladder and the one which 
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forms in the trabeculated bladder are discussed and 
an explanation is given for the relationship between 
ureteral reflux and saccule formation. 

The author includes illustrations of 13 cases of 
saccule formation in smooth walled bladders and 2 
figures showing the pathologie anatomy at the 
ureterovesicaljunction.—George WV. Chamberlin, M.D. 
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Linsatata, P., Cavara, Сї, and Di Mizio, 
V. I. Sulla malattia di Alkers-Schónberg e le 
sue più frequenti complicanze. (On Albers- 
Schónberg disease and its most frequent com- 
plications.) Ann. radiol. dsag., 1961, 34, 105— 
122. (From: Istituto di Rzdiologia, Ospedale 
Maggiore di Bologna, Bol»gna, Italy.) 


The authors believe that about 200 cases of this 
rare disease have been reported in the world litera- 
ture. 

The extreme variability of th. s disease is discussed 
in relation to its period of onset and clinical manifes- 
tations. The etiology and patkogenesis still remain 
unknown. Although the typical triad is sclerosis of 
the skeleton, fragility of bones, and a secondary 
anemia, the clinical symptoms vary considerably. 
The diagnosis may not be made in certain cases until 
the patient sustains a fracture. 

The main purpose of this arzicle is to discuss the 
most common complications of these cases which 
survive for many years; i.c., fractures, osteomyelitis, 
disturbance of vision, and hepstosplenomegaly. The 
case reported by the authors had all of these com- 
plications except the disturbance in vision. 

'The case is that of a thirty-three year old white 
female, married, and mother of 3 apparently healthy 
children. Her father, mother, and several sisters and 
brothers who were all examined were found to be 
normal except one sister wHo suffered recurrent infec- 
tions of the mandible after extraction of a tooth. She 
was not avallable for examiration since she had 
moved out of the country. 

Since the age of eleven, the patient had suffered 
from an unexplained anemia which responded well to 
medical treatment. Several yezrs later she was again 
treated for anemia, generalized lymphadenopathy 
and enlarged spleen which again responded well to 
treatment. Át the age of thirty. the patient broke her 
arm following an injury. Roeatgenograms revealed 
not only a fracture of the kumerus but extreme 
eburnation of the entire bone Skeletal studies dis- 
closed similar involvement of all of the bones of the 
body and a diagnosis of Albers-Schónberg disease 
was made. The fracture healed without any difficulty. 
About a year later a carious tooth was extracted. 
Swelling of tlie mandible, abscess formation, ard 
infection of the mandible dexeloped which became 
resistant to any form of treatment. 

The authors point out that the fragility of bones in 
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this disease is due to changes which weaken these 
structures, Susceptibility to infection is attributed 
to circulatory disturbances which result from these 
changes in the bones. 

This is an excellent case report of a patient with 
osteopetrosis which apparently developed rather late 
in adolescence. The patient has survived for many 
years with anemia, asthenia, splenomegaly, and en- 
larged lymph nodes. Although the skeleton revealed 
very extensive bone disease, the fracture sustained 
after an injury led to the correct diagnosis.—Peter Е. 
Russo, М.Р. 


Gn16o, M., and Maar, M. Osteo-periostio- 
patie da ulcere tropicali. (Osteo-periosteop- 
athies secondary to tropical ulcers.) Radiol. 
med., Aug., 1961, 47, 719-727. (Address: 
Dott. Mario Ghigo, Via Leonardo da Vinci 8, 
Alassio (Savona), Italy.) 


The 5 cases presented were studied by the senior 
author in the Department of Radiology of the Ahmed 
First Hospital of Hodeidah (Yemen). About roo 
patients affected by tropical ulcers were examined 
and about 20 per cent of the cases presented bone 
lesions in correspondence with or near the skin 
lesions. 

In almost all cases the lesions were in the leg 
and more frequently in the middle third of the ante- 
rior aspect. Ín order of frequency the other areas 
affected were the distal third of the lower leg and 
the foot in the dorso-lateral aspect. 

Generally the time elapsing between the appear- 
ance of the tropical ulcer and the beginning of the 
bone changes was about a year. 

The roentgen findings were characterized by a 
chronic osteitis and periosteitis secondary to a 
prolonged inflammatory process produced by the 
causative agents of the tropical ulcer (Bacillus 
Susiformis or hastilis [Seitz] and Spirochacta vincenti or 
schaudini). The bone lesions were mainly localized 
in the periosteum and partially in the adjacent cor- 
tex. The limit between the periosteal proliferation 
and the cortical changes could not very frequently be 
determined. At times the cortex was thinned out and 
showed through the thickened periosteum with a 
saw-like appearance. Very rare were sequestra of 
bone, which, when present, were found only in the 
cortex, and usually were quite small. 'The bone mar- 
row was not involved, except for occasional areas of 
sclerosis. In a few young patients there were de- 
formities of the tibia and fibula: normally a bowing of 
the bones, secondary to weight bearing in the affected 
bones during childhcod.—4. F. Govoni, M.D. 


Кім, Joun P., and KHERA, SHAMSHER A. К. 
Polyostotic fibrous dysplasia associated with 
hyperthyroidism. $. Bone 9 Joint Surg., 
Sept., 1961, 43-4, 897—904. (From: Services 
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of Orthopaedics and Paediatrics, Regina 
General Hospital, Regina; Sask., Canada.) 


The authors report the case of a ten year old boy 
with extensive segmental involvement of the skeleton 
with polyostotic fibrous dysplasia, multiple frac- 
tures, thyrotoxicosis, and a hypoplastic left testicle. 
This brings the number of such cases reported in the 
literature to 8. 

Endocrine dysfunction is frequently associated 
with polyostotic fibrous dysplasia. Thyroid dysfunc- 
tion is the most common endocrine disturbance, next 
to precocious puberty and accelerated skeletal 
growth and maturation. In the patients reported in 
the literature hyperthyroidism supervened some 
years after the initial recognition of polyostotic 
fibrous dysplasia. Pathologic examination of the 
thyroid gland has usually revealed either adenom- 
atous hyperplasia or colloid goiter. 

Although the etiology and pathogenesis of poly- 
ostotic fibrous dysplasia are unknown, most of the 
authors agree with the view held by Jaffe and Lich- 
tenstein that this disease is the result of a develop- 
mental defect that manifests itself predominantly by 
the skeletal lesions, which are amplified by the 
various extraskeletal abnormalities. In the case 
reported, thyrotoxicosis was a contributing factor to 
the patient’s inability to walk, although it was not 
recognized immediately because of the extensive 
bone lesions. Numerous fractures of the long bones 
of the lower extremities occurred, but all showed 
bony union in a reasonable time. A normal amount of 
callus formed at each fracture site; however, it 
thinned out rapidly, suggesting either replacement 
by dysplastic fibrous tissue or rapid remodelling. 

The osteoporosis seen in the present case was more 
marked than is ordinarily observed in fibrous dys- 
plasia. This was undoubtedly the result of the pri- 
mary bone disease and disuse atrophy, although it 
may have been accentuated by thyrotoxicosis. Skin 
pigmentation was present, but there was no sexual 
precocity. The initially elevated alkaline phosphatase 
dropped to normal when the fractures healed. Nor- 
mal values of calcium and phosphorus were found in 
the serum and urine. The hypoplastic left testicle 
was noted as an associated anomaly, and paralysis 
of the right vocal cord was most likely the result of 
pressure caused by the enlarged thyroid.—J. №. 
Ané, M.D. 


RiepeErer, J. Ein Fall von Pylescher kongeni- 
taler familidrer Knochendysplasie (Pyle's 
disease). (A case of Pyle's congenital familial 
bone dysplasia [Pyle's disease].) Fortschr. a. d. 
Geb. d. Róntgensirahlen и. d. Nuklearmedizin, 
Sept., 1961, 95, 396—402. (Address: Dr. med. 
J. Riederer, Univ.-Róntgeninstitut am Bür- 
gerspital, Basel, Switzerland.) 


A case of Pyle's disease is described. There is com- 
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plete tabulation of the 36 cases reported in the litera- 
ture. 

The author considers his case as a “forme fruste.” 
The only findings were abnormal tubulation of the 
extremities with abnormal growth in length, typical 
deformity of pelvis and abnormally fine trabecula- 
tion of the medullary structures. The name Pyle's 
disease seems incorrect because the cause is likely a 
developmental anomaly. “Ж more adequate term 
would be Pyle's congenital familial osteodysplasia.— 
Hans W. Hefke, M.D. 


FuctLLA, Ivan S., and Hamann, Anna. Hodg- 
kin’s disease in bone. Radiology, July, 1961, 
77, 53-59. (Address: I. S. Fucilla, Evanston 
Hospital Association, 2650 Ridge Ave., 
Evanston, Ill.) 


Hodgkin's disease involving every organ system 
including the skeleton has been reported. This dis- 
cussion is based on a review of the literature and a 
study of 94 previously unreported cases of which 11 
showed osseous involvement. 

Pathologically both the gross and microscopic 
appearance of the lesions is the same as in nonosseous 
tissue, with the Reed-Sternberg cell being the diag- 
nostic feature. In the spongiosa the disease may be 
widespread without giving rise to symptoms or 
roentgenographic signs. Cortical involvement is more 
readily detectable, with roentgenographic evidence 
found ante mortem in approximately 15 per cent of 
all cases of Hodgkin's disease. Bone involvement 
occurs throughout the course of the disease and its 
appearance does not significantly affect the prog- 
nosis. Pain with or without a mass and/or roent- 
genographic changes is the most frequent symptom. 
Occasionally large cortical lesions are found which 
have produced no signs or symptoms. The systemic 
symptoms and hematologic findings are substan- 
tially the same asin patients without detectable bone 
lesions. In the absence of liver disease an elevated 
serum alkaline phosphatase level strongly suggests 
bone involvement even when the roentgenographic 
examination is negative. 

Hodgkin's disease spreads by contiguity and 
hematogenously. Invasion of bone occurs most fre- 
quently adjacent to the lymph node bearing areas, 
i.e., the spine, pelvis, sternum, ribs, and the inner 
halves of the clavicles. Scattered lesions not related to 
lymph node areas are considered to be of hematog- 
enous origin, occur almost exclusively in the red 
bone marrow, and are usually small and asymptoma- 
tic. Primary Hodgkin's disease of bone has not been 
conclusively demonstrated. 

Hodgkin's disease of. bone presents no pathog- 
nomonic roentgenographic appearance. Since bone 
involvement is found occasionally before the diag- 
nosis has been established, Hodgkin's disease should 
be considered in the presence of any bone lesion of 
obscure origin. The lesions are predominantly osteo. 
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lytic with areas of scletosis in the margins, occasion- 
ally purely osteolytic, and rarely entirely osteoblastic 
in the vertebral bodies. Destructive changes are often 
accompanied by expansion, particularly in the ribs 
or sternum. Minimal periosteal new bone formation 
may occur and some spicule formátion may be found 
suggesting osteogenic sarcoma. Multiple lesions are 
the rule, and mixed карго may be present. The 
maximum incidence of bone involvement is in. the 
upper lumbar and lower cervical spine, with mostly 
mixed lesions occurring in the vertebral bodies, 
sparing the disks. Involvement of the flat bones is 
primarily of an osteolytic type. Occasionally, a 
mixed type of lesion with periosteal new bone forma- 
tion will mimic Paget’s disease of bone. Differentia- 
tion between Hodgkin’s disease and other lesions of 
bone, i.¢., metastatic cancér, multiple myeloma, 
reticulum cell sarcoma and other lymphosarcomas, 
and osteomyelitis (particularly tuberculosis) is most 
difficult. 

The granulomatous tissue of Hodgkin’ s disease in 
bone is almost as radidsensitive ag in other locations 
and responds well to moderate doses of radiation. 
Alkylating agents are of use in widespread disease.— 
Walter H. Jarvis, Jr, M.D. 


Coventry, Marx B. Some skeletal changes in 


the Ehlers-Danlos syndrome; a report of 


two cases. ў. Bone 9 Foint Surg., Sept., 1961, 
43-4, 855—860. (From: Section of Orthopedic 


Surgery, Mayo Clinic and Mayo Foundation, . 


Rochester, Minn.) 


The author reports 2 cases of Ehlers-Danlos syn- 
drome with thoracolumbar kyphoscoliosis as the 
result of anterior wédging of the vertebrae. In addi- 
tion, he presents other skeletal abnormalities not 
previously described, namely, a long, giraffe-like 
neck, a downward sloping of the tibs of the upper 
part of the thorax, and a tendency to reversal of the 
normal cervical, thoracic, and lumbar spinal curves. 

McKusick grouped certain inherited conditions 
involving the mesenchyme which he called “herit- 
able disorders of connective tissue.” These include 
the Ehlers-Danlos syndrome, the Marfan syndrome, 
the Hurler syndrome, osteogenesis imperfecta, and 
pseudoxanthoma elasticum. 

In the Ehlers-Danlos syndrome the skin is velvety 
thin, hyperelastic, brittle, bruises easily and leaves 
scarring after subcutaneous hemorrhage. Molluscoid 
fibrous tumors develop over pressure points. The 
joints are hypermobile. Representative of this syn- 
drome are the contortionists and Indian rubber men 
of the circus side show. Elbows and knees hyperex- 
tend and the thumb can be brought back to touch the 
forearm. Flat feet and habitual dislocation of joints 
are often observed. Additionally, changes occur in 
the ocular adnexa, the cornea, the sclera, the suspen- 
sory mechanism of the lens and the fundus. Most 
patients are tall but some are short. The basic 
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mesenchymal defect in the Ehlers-Danlos uut 
is probably a superabundance of elastic fibers in the 
skin and joint capsules, with an abnormal organiza- 
tion or network pattern of the collagen bundles. 


.Perhaps, there is an abnormality in the collagen 


structure itself. 

The changes relating to the connective tissue - 
defect may occur in disorders other than this syn- 
drome. Epipliysitis of the spinal column has been 
reported in the Marfan syndrome. Patients with 
osteogenesis imperfecta present a round back. In 
Hurler's syndrome there is thoracolumbar kyphos- 
coliosis, but this is characterized by a rather acute 
angle and is due to posterior displacement of one 
vertebra, which becomes acutely wedged anteriorly 
and produces-a gibbus. The Marquio-Brailsford type 
of chondro-osteodystrophy is characterized by a 
similar change.—7. №. Ané, M.D. 


KrrLv, Patrick J., Janes, ]ОЗЕРН M., and 
Peterson, LoweLL Е. A. The effect of. 
beryllium on bone; a morphological study of : 
the progressive changes observed in rabbit 
bone. 9. Bone £9 Foint Surg., Sept., 1961, 
43-4, 829-844. (From: Section of Ortho- 
pedic Surgery, Mayo Clinic and Mayo 
Foundation, Rochester, Minn.) 

The authors report a series of roentgenographic 
and microradiographic studies of the long bones of 

14 rabbits after injection of zinc beryllium silicate. 


Five milliliters of 1 per cent suspension of zinc 


beryllium silicate were injected into an ear vein of 
each rabbit twice a week for ten weeks. At the end of 
this time, each animal had received a total of 1 gm. 
of zinc beryllium silicate, or 33.6 mg. of beryllium 
expressed as the oxide. 

Medullary formation of bone was detected on 
roentgenograms between eight and sixteen weeks 
after the last injection of zinc beryllium silicate in all 


` 14 animals. These changes were seen in-the diaphysis 
‘and in the proximal metaphyseal regions of the 


tibiae, humeri, and femora, and in one instance, in 
the ischium. Between the thirtieth and the fifty- 
second week after the last injection in 10 of the 14 
animals, a destructive osteogenic sarcoma appeared 
suddenly. The endosteal bond had a higher mineral 
content than the surrounding cortical bone and did 
not exhibit as distinct a lamellar structure. Cleared 
specimens demonstrazed a gradual isolation or en- 
croachment of the nutrient vessels and their trans- 
verse or lateral branches by the abnormal medullary 
bone. 

Three histologic varieties of osteogenic sarcoma 
were noted: osteoblastic, chondroblastic and fibro- 
blastic. ‘It was usual to find all three varieties in the 
same tumor. The relatively late appearance of 
osteogenic sarcoma may:represent a continued cu- 
mulative effect from slowly released beryllium ions 
on the enzyme systems of the cells.—7. №. Ané, М.Р. 
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The hand patter of a 
first night spells the new 
hit, the new star. Yet the 


envious — who think 
they could have done as 


-well, or better—are 


pretty sure to say, 
“What a break for her! 
Just pure luck that she 
got the part!" 





Y enu Calan Misininn 





LUCK HAS 
LITTLE TO DO 
WITH IT 


Professionalism and chance have little in common. 

Professionalism is created—built on purpose, devotion. 

Professionalism is experience, the total of it. Like a bank account, it 
grows upon “deposits.” Year-upon-year deposits, with all the sacrifices 
of an Investment of self. 

Professionalism is competence to perform, regardless of convenience, 
fatigue—or luck. 

For the true professional, the better he becomes, the higher the standard. 

Each patient depends upon this professionalism. Skill long practiced, 
experience long ready, standards long honored. 

Because we know and respect professionalism, our products and 
services are offered in accord with these same rigorous values. Kodak 
x-ray films, chemicals, the Kodak X-Omat system, can be counted on 
to perform as specified. 
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By means of a light source.and centring 
graticule, the AEI " Determinator" en- 
ables a radiographer to check instantly 
both focus and area covered. It facilitates 
positioning of the patient, encourages 
‘flim economy and reduces’ tedious 
changes in applicator positioning. 
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table radiography. AEI Instrumentation Division, 


` X-Ray Department, 
132 Long Acre, London, W.C.2 


CAEI) Instrumentation Division 
Associated Electrical Industries Limited 
ALSO DIAGNOSTIC X-RAY EQUIPMENT AND ACCESSORIES - X-RAY AND ISOTOPE THERAPY EQUIPMENT · DOSIMETERS 
sc/15j 


Fits any 27x2” 
Viewer or Projector 





_ RADIATION THERAPY IN THE 
MANAGEMENT OF CANCERS OF THE 
ORAL CAVITY AND OROPHARYNK 








TYPICAL SERIES 


6-1 Congenital and Developmental Osseous Abnormalities 
өзөккө sos eer АӨ МУЧИТИ РАИ asa Slide 


6-2 Osseous Abnormalities, related to Reticuloendothelial Sys- 
tem, Vitamin Metaboliem, and Cireulatory Disturbances ..... 
ауада 6 civ Ri E Каса Eie e ыраа ein RUN КАЛ 55 Slides 
Herbert M. Stauffer, M.D., Edward =. Christensen, M.D., 

Temple University Hospital, Philadelphia 
1-8А Hydronephrosis ................. mne 42 Slides 


By Vincent J. O'Conor, M.D., Northwe.tern U. Medical School, 


Chicago Wealey Memorial Hospital 


ORDER DIRECT 


OR WRITE for. complete description of above series, 


and catalog of others that are cvailable. 


MEDICAL FILM SLIDE DIVISION 


MICRO X-RAY RECCRDLR. INC. 


4755 W. Lawrence Thicuyr 25, Hlinois 


An Authorized Binding 
for 
THE AMERICAN JOURNAL OF 
ROENTGENOLOGY 
RADIUM THERAPY AND 
NUCLEAR MEDICINE 


Arrangements have been made for subscribers to 
have their journals bound into distinctively de- 
signed books. 

. Six issues, January through Jans or July through 
December, bound in best grade: garnet washable 
buckram imprinted with your name on cover, cost 
but $5.35 per volume. 

Bound journals serve as an immediate reference 
for information and research. Thay conserve space 
and permanently preserve the important communi- 
cations from becoming mislaid or lost. Most im- 
portant of all, they save time! 

Ship journals parcel post. Within forty-five days 
after receipt, bound volumes wili be shipped pre- 


paid anywhere in the U.S.A. FulI remittance must 
accompany order. — 


PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 
(Binders of all Journals) 

430 W. Erie St, Chicago 10, Illinois 





GILBERT Н. FLECTHER © 
Radiotherapist 


and 


WILLIAM S. MacCOMB, M.D., Surgeon 
Chief of Head and Neck Service 
With the Collaboration of 
Alando J. Ballantyne, M.D., 


Associate Surgeon 
Head and Neck Service 


-Physics Section 


THE CALCULATION OF DOSE IN © 


INTERSTITIAL. IMPLANTATIONS 
By 


Robert J. Shalek, Ph.D. 
Associate Physicist 
. and 
Marilyn Stovall, B.A. 
Senior Dosimetrist 
All of The University of Texas 
M. D. Anderson Hospital 
Tumor Institute 
Houston, Texas 


A Monograph in AMERICAN LECTURES 
IN RADIATION THERAPY edited by 


С MILTON FRIEDMAN, Professor of Clini- 
= cal Radiology, New York University School 
25 "m" d 

с of Medicine 


Pub. date January, 1962 
$16.50 


408 pages 
346 illustrations 


CHARLES С THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfleld * -Illinois 





Meca 


A S ARANA 








у 


* 


d e Report on ISOTOPE PROGRESS 


NEW CATALOG! 


prices of all ORNG 


isotope producis, Seud 


for yap ropy mw, 


gee Sg 231 ОАК 


f P NI = 


d 

D 

LI 

з 

t "COE ` 

LEN К ; Complete listing and 
ae . : 

I 

| 

L 


А | | 160,000 ттр E "e RIDGE 


in 15 years revolutionize your business? 
More than 1,400,000 curies of 100 15 years of isotope development 
radioisotopes and 5,000 grams of gives our staff the experience you 
250 different enriched stable iso- need to apply isotopes to your 


topes have left ORNL for use in field. For more detailed informa- (US Sane 
worldwide industries. More than tion, write to Isotopes Division, Кагыш Cosstsqus 


85% of the radioisotope ship- Oak Ridge National Laboratory, 
ments go by air so that short-half- Р. О. Box X, Oak Ridge, Tenn. 
life products reach their destina- л ш 
tion without delay. 








94 YEARS ооо nO buyen ы 
| USED X-RAY FILM 


€ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


€ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


= DONALD McELROY, INC. 


. 53 М... Jackson Blvd., Chicago 4, Ill. 


NATIONAL LABORATORY 





xlvii 





xlviii. 


INDEX TO ADVERTISERS 


Ansco (A Division of the General Aniline & Film Corporation) 

Atomic Accessories, Inc. 

Atomic Energy’ of Canada Ltd: ser cae ed Calne tae Oe sd ae EE EAE ххх 
Atomium Corporation xi 
Automatic Seriograph Corp. (Litten Industries) к Third cover 
Associated Electrical Industries Ltd. 2................ Ve NA ced eek Led ibi rst xlv 


Barnes-Hind Laboratories 
Buck X-Ograph Company 


Du Pont de Nemours, E. І. & Co. (Іас.) .................... issus i 
Eastman Kodak Company | 
Fougera, E. & Company, Inc. ........... sexe bib east es eq Е xiv, xv, xl т 


General Electric Company : | : viii, ix, x, xi, xxxvi; xxxvii 


"Hunt, Philip A., Company 


Ilford, Inc. ...... astu o diede УЛУУ УУЛОО ОКОЛО? xxix 


Karger, S. ........ PETER IIIS anui deese qe CORPORE xliii 


Lafayette. Pharmacal І . 

Liberty Protective Leathers, Inc. зде ыда бз оаа xl 
Liebel-Flarsheim Co, (Division of The Ritter Co.) i 
Low X-Ray Corporation 


‘Machlett Laboratories 


Micro X-Ray Recorder, Inc. cd ; 1 . * 
McElroy; Donald, Ines «secrete rae e ыи: аам eate ine QUEE xlvii P 
Nuclear-Chicago Corporation i 
Old Delft Optical Company (Odelca) | iii t. 
Ortho Pharmaceutical Corporation . ii 


Picker X-Ray Cerporation ; y xxv, xliv, Fourth: cover 7 
Profextay,ltG.. i.c e e xen amem pm wr анодта RE EY ээй 


Siernens New York, Inc. 
Squibb, E. R. & Sons 


Union Carbide Corporation 


Walker Industries , 
Westinghouse Electric Corporation . К 
Winthrop Laboratories 


We try to present an accurate index. Occasionally this may not 
be possible because of a last minute change or an omission. 


Buck SOIL-PROOF Screens 


a NEW intensifying screen which 
offers very high resistance to 
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In order to meet the "widest range of 
usefulness, SOIL-PROOF Screens are 
manufactured In three degrees of speed: 
Normal (Type A), All-Purpose (Type AA), 
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All types of SOIL-PROOF Screens are free 
from objectionable grain, and the resolving 
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_,.. radiological studies with Barotrast 
are routinely exceptional... 
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otrast will not separate, crack, peel, or clump. 

inique adherence to the intestinal mucosa gives a uniform, stable, and flexible coating. 

ossesses unparalleled properties of flow, coating, and water tele: ition which are not 

cted by mucin content, enzymes, or changes in pH. 

ognizing these singular benefits of Barotrast, many radiologists who have already 

pted its use for double contrast studies are now finding Barotrast to be exceptional 

tipper GI and small bowel studies. 

ilable іп 25-Ib. cartons through all radiological supply houses. Literature available 
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and fluoroscopy at tableside 
whenever your personal presence helps 


. . to assist a feeble patient, soo-he a refractory 
one, do a difficult myelography, etc. with the 
added detail available through TV viewing of 
the bright image (in the normally lighted room, 
of course). 
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Only in PICKER 


TV fluoroscopy 





the 


cineradiograph: complete 
spotfilming | radiological 
radiography modality 


fluoroscopy. hy remote comn 
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Although you're safely protected behind a spi 
cious glass screen, you're in virtually the sam 
easy rapport with the patient as you would b 
sitting across from her at your office desk. Sh 
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dress: not as a forbidding figure muffled - 
apron and gloves. She talks to you, and you 
her, calmly and relaxedly. Freed. of the drag. 
heavy protective oppere you're in comfort: 
fingertip command of all maneuvers and t 
niques, while observing progress on the 
monitor before you. 
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